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PREPACE 

/ ^ RPAT as is the debt of gratitude which the 
vJT bi’ewiug industry owes to the labours of 
scientific men, it ha)^ been more than repaid by the 
immense services which tliat industry has indirectly 
rcndei’ed to the advancement of modern science. It 
may be said without (exaggeration tliat in respect of 
the number of scientific investigations of the first 
order of imi)ortan(;e to which it has given rise, the 
brewing industry stands easily pre-eminent among the 
industries of mankind, and that without the stimu- 
lus furnished by the desire to arrive at the meaning 
of some of the nioi’e important phenomena connected 
witli the brewing of beer, both chemical and biological 
science would probably be the poorer to-day by some 
of thdr most valued intellectual achievements. In 
support of this statement it is only necessary t(‘ refer 
to the investigation of the chemical and other changes 
occurring during the growth of the barleycorn, the 
elucidation of the mechanism of the hydrolysis of 
starch by diastase, the nature of enzyme action, and 
last, but not least, the numerous researches into the 
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nature of fcrineiitatiou, with nW the wonderful chemi- 
cal and biolo<jjical facts whicli those researches have 
revealed. Whilst all this is indispiitabl)^ true, it is 
unfortunately a faht th;ift about no otficr industry do 
so much ignorance and misconception exist, even on 
the part of intelligent and well-educated j^eojde.*^ The 
brewing of beer is regarded by many as an operation 
of a simple and more or less mechanical description, 
which is not of sufficient imimrtance to merit study 
or of sufficient interest to clahn a share of their 
attention. It is in the hope of doing something, 
even though it be but little, to correct this widely- 
8[)read impression, that 1 have most willingly ac- 
cepted the invitation to contribute this little work fo 
The Cambridge ^lannah of Science ai^d Ijiterafmr. 
To prevent any misunderstanding, I may say at once 
that it is not intended to serve as a text-book for the 
student of brewing and still less as a hand-book for 
the practical brewer. In it I have only referred to 
methods of practical working when such reference 
was necessary for the purpose of afl’ording a general 
view of the process, or appeared to render the^.appli- 
catiov of certain principles more intelligible. I have 
in fact confined myself as far as possible to an ex- 
planation of the principles underlying the various 
parts of the brewing process, and have endeavoured 
in describing these to employ language which shoul^d 
be intelligible to the well-educated layman, for whom 
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this book is primarily intended. In dealing in so 
small a com})ass with a subject covering such vast 
areas in the domains of both biology and chemistry, 
the difliculty (if knowing precisely what to include 
and what to omit has been very great, and this must 
be my excuse should any of my readers detect what 
they Higard as eri'ors of omission, or consider that 
1 have submitted the subject to unduly great com- 
pression. The illustrations of brewing plant have 
been very kindly j>repared for me by Messrs William 
liradford and Sons, to whom my thanks are due. 
T am also indebted to Professor Percival and to 
Messrs l)u(;kwortli and for permission to use 
the drawing rejuesenting the structure of the hop 
cone; to Mr Harold Wager, F.U.S., for j)crmission 
to use tlie dra'wing re])resenting the sti ucture of the 
yeast ctdl, and to my assistant, Mr R. K. Sawbridge, 
M.A., for pre[)ai'ing cerbiin of the photomicrographs. 

A. C. V. 
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CHAPTER I 

INTRODUCTION 

The origin of beer, that word in a general 

sense to indicate a barmen ted infusion of grain, is 
lost in tlitfftiists of anti<iiiity. Probably the Egyptians 
were among the first civilized people to engage in 
the art of brewing, and there ap))ears to be good 
reason for believing that barley wine or beer was 
well known in Egypt at least three thousand years 
before the Clil'istian era. Herodotus, who is not 
{ilways a model of trustworthiness, mentions that the 
Egyptians used a wine made from barley because 
there were no vines in their country, but this is 
clearly not correct since wine was well known to the 
ancient Egyptians, and its use is recorded as early as 
4000 years n.c. It seems certain, moreover, that at 
that early period there were many vineyards in^the 
Nile valley and that several kinds of wine were 
produced Still it is not altogether unreasonable to 
suppose that in parts of the world where the gra])e 
would not grow, bcDr occupied the same position as 
wine in countries where the vine flourished. Among 
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tlie ancient Hebrews beer was well known and al- 
tliou^b tlie word ScJtsbir, used by Moses and occurring 
several times in the Pentateuch, might refer merely 
to strong drink r\ general, yet there i eems to be good 
reason for supposing that it did in reality refer to an 
intoxicating drink prepared from barley. lu may be 
mentioned in this connection that there is an old 
Rabbinical tradition that the Jews were free from 
leprosy during the captivity in Babylon by I’cason of 
their drinking Sicera (Schekar) made bitter with 
hops. If there be any truth in this, it is of special 
interest as showing at what an early period hops were 
used for flavouring purposes. But it was among the 
peo])lcs of Western and North-Western Europe that 
beer was most largely consumed ; and among the 
Gauls, (lermans, Scandinavians, Celts, and Saxons, it 
had attained in very early times to the i)osition of 
a national beverage. Some uncertainty attaches to 
the etymology of the words ak and beer, but there is 
very little doubt that the former (Saxon Ealu, Danish 
bl) is of Scandinavian and the latter probably of 
Teutonic origin, both words bcingused indiscriminately 
during Anglo-Saxon times. After a time the word beer 
appears to have dropped out of use in this country 
and was not again cmidoyed until about the fifteenth 
century, when the use of hops became general, the 
word being then applied to the hopped in contradis- 
tinction to the unliopped beverage, oi* ale. At the 
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present day the two worfjs arc very largely Hyii()nynj()UH, 
beer being used comprehensively to include all classes 
of malt liquor, whilst the word ale is applied to all 
beers other th.^n stout and^port«r. Prior to the 
Roman invasion it is probable that mmd or fermented 
honey ^whs the beverage most commonly used in this 
country on festive occasions, and there can be little 
doubt that it is the most ancient of the intoxicating 
drinks of Western Eui*o[)e. Next in point of antiquity 
came cider, and then v^ith advancing civilization, beer. 
One of Ujc earliest references to the use of ale in 
these islands is to bc^ found in the JSenchm Mor, 
which dates from the lifth century, and which shows 
that ale was well known in Ireland at the time of the 
arrival of St Patrick. In Wales too, about the same 
time, ale conqfeted with mead as the drink of the 
Wealthy. Among the Danes and Anglo-Saxons beer 
was certainly the favonrite beverage, and its virtues 
arc celebrated in many of their most ancient poems. 
It will be remembered that their concci)tion of the 
highest felicity attainable by their heroes after death 
was to drink in the halls of Odin long draughts of ale 
from the skulls of their enemies slain in battle. Jt is 
not within the scope of this book to deal at any length 
with the history of beer, and it will suffice to* say that 
from the fifth century onwards the popularity of beer 
increased to such dn extent, that from being the 
occasional beverage of the wealthy, it had become in 

i-2 
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the Middle Ages the general ^Irink of all classes. The 
ale most commoidy consumed by the poorer classes 
was doubtless low in strength and poor in (juality, 
and in this coRiiectipn the follo\V*ing lines from 
Ficm Plowman arc of interest. In speaking of the 
independence of the labouring classes coi'isp(|iient 
upon the scarcity of labour after the great plague in 
the fourteenth (century, Piers says : — 

‘ No non lialf-penny Aie In nou(5 wyse clrynko. 

Bote of the Beste and the Brouneste that Brewsters sullen.' 

It is clear that at this time ales of severab kinds or 
strengths were brewed, and in old documents of the 
thirteenth and fourteenth centuries the words 
seennda, and lertia, as applied to beer occur on several 
occasions. Later, in the reign of Henry VI 11, tlie 
brewers were restrained from makinghnore than two 
kinds of beer, the drong and the danhle, and the pricek 
at wliich these were to be sold' were fixed by Statute. 
This restriction seems to have been withdrawn, for 
later we again find that several varieties of beer were 
produced and sold. 

The ease with which the operations involved in 
the nrodu(!tion of beer from malted grain could be 
carried out resulted in the installation of brewing 
plant in the houses of vast numbers of the wealthier 
classes, and almost every housewife of im])o?’bince 
may be said to have been her oV^n brewer. During 
the eighteenth century this pi*actice fell largely into 
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disuse, and tlic bi-cwiii?i^«)f beer passed for all practical 
purposes into tlu‘ hands of the iHiblic brewer. 

At the beginning of the reign of King William 
the duty on strt)ng beer or aie wa^ one shilling and 
threepence per bai*rel and the price chargctl by the 
brewer to liis customers (who usually fetched it them- 
selves from the brewery) was sixteen shillings per 
barrc^l. After our wars with France the duty was 
increased by ninepence per barrel on strong beer, 
and in KiOl it amounted to four shillings and nine- 
pence on*Strong, and one shilling and threepence on 
light beer. 

In the reign of (Juecn Anne the excise duty on 
im^lt, which had been originally imjmsed during the 
reign of Charges I but subsecpiently rej)ealed, was 
re-imposed, and a tax on h()[)s was levied, which 
remained in force until 18()i2. Towards the end of the 
seventeenth and at tlic beginning of the eighteenth 
centuries, the beer chiefly consumed in London was a 
mixture of heavy sweet ale with a lighter bitter beer, 
and a still weaker or small beer. About the year 
a beer was introduced which had the flavour 
and general (lualities of a mixture of the thrcc^and 
as its chief patrons were the Jalxmring classes and 
porters, it became known iJy the name oT 
This beverage made raj)id headway and in the early 
part of the nineteenth century it constituted the great 
bulk of the beer drunk in London. Thus during the 
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yeav ending July nth, 1812/ no Ichh than 1,818,087 
barrels of porter were brewed in [jondon by the 
twelve ])riiicipal firms then in existence, whilst during 
tlie same period'^mly^ about lOfijOO?) barrels of ale 
were produced. In 1880 there was a complete re- 
vision of the mode of taxation tx) which brewers were 
subjected, the most imjiortant change being the re- 
placement of the duty on malt by a duty on the 
finished beer, wliich w^as fixed at six shillings and 
three] leuce for each barrel of 8('; gallons at a standard 
original gravity of 1057 less an allowance (>f% per cent, 
foi' unavoidable waste in the manufacturing ojierations. 
During succeeding years this duty was subject to 
many changes, and at the time of writing it amoupts 
to seven shillings and ninepence per barrel of an 
original gravity of 1055°, with an allowance of (3 per 
cent, for waste. By original gravity is meant the 
8i)ecific gravity of the wort ])ribr to fermentation and 
it is on this that the brewer is taxed, the calculation 
l)eing always ma<le to a standard specific gravity of 
1055°. At the |)re8eut time many difterent kinds of 
beer are brewed in this country, of which the more 
im])(.rtant are mild ale, porter, pale ale, bitter ale, 
and stout. In addition to these, which are sold both 
in cask and in bottle, there are less imjvortant varieties, 
peculiar to certain localities, as well as lager beers 
produced by the decoction system of brewing whi^h 
is so whlely adopted on the Continent and in America. 
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^reat bulk of tlic* beer made in this coujitry 
is consumed by the working classes whose staple 
bevei’a^es are the so-called mild ale and pointer. The 
mild ale is a li^itlv ho]»ped beer of medium gravity 
and of full sweet flavour which in London is usually 
drunk* when (piite new, but which in the country is 
occasionally kej)t on draught for one or tMo months. 
Porter is a dark-coloured lK‘er usually of about the 
same original gi’avity as the mild ale, and which is 
devoid of any i)rononnccd liop flavour. Stout is a 
black beer of higher gravity than porter which it 
resembles in being somewhat lightly hopped. Its 
flavour varies greatly according to the locality in 
which it is sold, being sometimes (as in London) 
sweet and liij^ions, and at others (as in Ireland) 
devoid of any pronounced sweetness or dv}/. Bitter 
beers, as the name implies, are characterised by a 
marked flavoui’ of tlieliop, and are brewed of several 
strengths. Pale ale, which includes ale intended for 
export and for storage, is the name usually given to 
beers of the highest quality. In original gravity the 
beers of this class vary very greatly, but they are 
always pale in colour and are almost invariably brewed 
from the finest materials, ami* rcj)rcsent in a sense, 
the highest product of the brewer’s art. In connection 
with the above gcnei-al descriptions, it should be 
pointed out that no sharp lines of demarcation can 
be drawn between any of the varieties mentioned. 
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Thc^se overhij) very considerably, and in different parts 
of the countiy the same name is often applied to 
bcei’s of very different characters. 

The history fif a beveraj^c vvhiAi in its various 
forms lias played such an important part in our 
national and social life for so many centuiaes^ is in 
the highest dej^ree fascinating, and to those who are 
interested, I (;oinmend any or all of the historical 
works, the titles of which are given in the list on 
pages 128. 


GIIAPTEK II 

MATERIALS USED IN BHEWJNO 

The two essential chemical processes involved in 
the manufacture of beer are first, the conversion of 
starch by means of diastase into cei’tain soluble sub- 
stances, one of whi(;h is a fermentable sugar, and 
secondly the decomposition of this sugar by means 
of the yeast organism into alcohol and carbon dioxide 
gas. It is clear fi’om this that the main raw material 
musj; be one containing starch, and that it should 
if possible contain the necessary converting agent, 
diastase.' Both these conditions are satisfied in the 
case of certain germinating seeds, and although 
many have at vai’ious times been tried, long ex- 
perience has shown that germinated barley possesses 
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ill the fullest degree tlio various iiro^ierties necessary 
for the brewing of beer. Among other cereals which 
are occasionally employed are maize, rice, oats, and 
wheat, but thest are always wsed, When used at all, 
in conjunction with a large profiortion of germinated 
barleyf or to give it its techniijal name, ituilL Fui’ther 
reference will be made to these cereals later, and for 
the present 1 will confine myself to the consideration 
of barley malt which is the breweUs chief raw material. 
Although it is not wRhin the scope of this book to 
deal at Miy length with the process of converting 
barley into malt, some reference to the subject is 
necessary to ensure a jiroper understanding of the 
niiishing process, which is one of the most imiiortant 
parts of the whole brewing lu-ocedure. The process 
of malting may be said briefly to consist in artificially 
inducing the germination of the grain, and when 
sufficient growth has taken jdace, in stoi)ping it by 
the application of heat. Simple as this bare state- 
ment may appear, the chemical and physiological 
changes occurring during the conversion of barley 
into malt are highly complex, and notwithstanding 
the vast amount of study devoted to their elucida- 
tion, are even now very far frpm being fully under- 
stood. Thanks, however, to* the labours Of Brown 
and Morris and others, the general character of these 
changes is tolerably clear. If a few corns of barley 
are bitten between the teeth they will be found to 
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be ^ery hard, AvhilHt malt coiriis, tested similarly, will 
be found to be mealy and friable and to break down 
readily. A^?ain, if a handful of barley be gi’oiind up 
and treated witlt a little warm wafer, no apparent 
change will occur, and even at the end of soine hours 
the addition of a little iodine solution will give the 
blue colour characteristic of starch. If on the other 
hand some ground malt be treated in the same way, 
it will soon be evident that some chemical change is 
taking [dace, for the mixture, if fairly thick to com- 
mence with, will rapidly become more licpifd, and the 
solution obtained after straining off the solid matter 
Will be found to have a pleasant sweet flavour, and 
on adding a little iodine solution, there will be ^lo 
blue coloration, showing that the ^tarch has dis- 
ai)pearcd. It is clear then that some very marked 
changes have attended the ti’ansformation of the 
barley into malt, and these arc of the utmost im- 
portance to the brewer. The above simple experi- 
ment shows that the malt differs from the barley 
from which it was made chiefly in containing an 
active substance which is capable under appropriate 
conditions of converting the starch of the gi'ain into 
soluble, sweet-tasting products, and one object of 
the malting i)roccss is {o produce these substances. 
But there is another and very important difference 
between the two. As has been 'pointed out above, 
the barley is hard and vitreous whilst the resulting 
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malt is soft and friabic; and a second object of .^tlie 
inaltinjj; process is to bring about tins chatige in the 
grain. A third object is to give to the malt the necessary 
flavour, which i.? accomjflished by beating it to the 
requisite temperature on a specially constructed kiln. 
We w>ll now consider briefly the meaning of the 
above-mentioned changes and how they are brought 
about by the maltster. A grain of barley consists 
essentially of two parts, the main starchy portion, 
known as the (‘inloHjmin, and a smaller part at one end 
of the cofff, known as the embryo (see frontispiece). 

During the natural germination of the corn in 
the earth, the embryo, which as the name implies 
is the rudimentary jdant, commences to develop, and 
the starch of the endosperm is the provision made 
by nature for the nutrition of the growing plant until 
such time as the first green leaves are formed and 
the rootlets have sufliciently developed to permit of 
their obtaining food from the soil. It is this ju’oeess 
which the maltster imitates and turns to his own 
ends. In the earth the vibil changes arc initiated 
or developed by the absorption of moisture, and the 
first part of the maltiiig process consists in soaking 
the grain in water until it has ^absorbed sufficient to 
stai*t the growlh. It is then spread on floors and the 
germination allowed to proceed until the plumule 
(frontispiece e) has" proceeded alwut three-quarters 
of the entire length of the corn. It is during this 
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period that the iriii)ortaiit gliaiige iiieiitioTied above 
takes place. In the barleycorn the reserve materials 
are not directly available for the nutrition of the 
growing germ, skicc bpth the starclf and the greater 
part of the nitrogenous substances (proteins) are 
insoluble and consequently not dilfnsible* tjirough 
the cellular structures to the germ where they are 
re(|uired. In the barley itself, certain active nitrogen- 
containing substances occur known as ciizf/mfs, and 
others arc developed during t germination. These 
enzymes are the natural agents ueccssaTy for the 
conversion of the insoluble reseiwe food-material 
into soluble diffusible and assimilable siibstimccs, 
and vfc shall see a little later how necessary t^^ey 
are to the brewer in his operations. Between the 
embryo and the starchy endosperm there is a cellular 
body known as tlie mUellvm (frontispiece b\ the 
function of which is to secrcte*the necessary enzymes 
and which becomes active in tliis sense, .as soon as 
germination has commenced. In addition to this, the 
(deurone layer (frontispiece a) is also active in the 
secretion of these enzymes. The starch of the grain 
is nyt in a free C{)ndition, but exists in the form of 
granules j)acked in innumerable vegetable cells, and 
the walls of these cefls'have to be attacked before 
the contained starch is capable of being acted upon 
by the enzyme dimtam. This is* effected by means 
of a second enzyme known as cyfme which attacks 
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the cellulose walls, either dissolving them or at least 
softening and rendering them more permeable to the 
diastase, which is then able to convert the sbirch into 
the soluble matters needed the nutrition of the 
growing germ. This solvent or disintegrating action 
(its preri^c extent is still a matter of some uncertainty) 
of the cytase on the cellular structures of the endo- 
sperm explains the conversion of the hard and vitreous 
barley into the tender and friable malt. At the same 
time diastase is deveWped in considerable (piantity, 
and a portion of the starch is used iq) by the young 
plant. It is, of course, to the interest of the maltster 
to reduce this consumption of sbirch to a minimum, 
as it is later on recpiircd by the brewer; and therefore, 
as soon as the action on the cell-walls, or ‘ modifica- 
tion’ as it is technically termed, is suflicicntly com- 
l)lete, which is usually the case when the plumule 
has grown nearly the length of the corn, further 
action is stopped by drying the gi*ain, first on the 
malting floor itself and then on a kiln, either by the 
direct combustion products of coal oi‘ coke, or, as on 
the (Continent, by means of hot-air. In addition to 
the solvent action of cytase on the cell-walls of^the 
endosperm and the development of diastase so 
necessary for the subsequent* convei'sion. of the 
starch in the brewery, there arc other changes oc- 
curring, one of which is of considerable practical 
imj)ortance. This is the conversion of a proportion 
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of the insoluble proteins of the grain into soluble, 
difhisible and chemically simpler siibstamres, such as 
proteoses, peptones and amino-aciils. These, which 
are intended by ^nature for the neerfs of the gi*owing 
plant, are of great importance to tbe brewci*, as we 
shall sec later, particularly in connection *wj[th the 
nutrition of the yeast during the process of fer- 
mentation. This protein conversion or fn'oteohjm is 
effected by another enzyme or possibly by more 
than one, the action partly rest^mbling that of tvffjmn 
and partly that pepdn or jtepfasr, the tw*) enzymes 
present in the pancreas and stomach of animals, and 
which are responsible for the breaking down of the 
complex insoluble proteins during the; process of 
animal digestion. Whilst only about 20 j)er cent, 
of the total nitrogen of barley is solhble, more than 
40 per cent of the nitrogen of the resulting malt 
can dissolve in water, the iiioc'ease being chiefly due 
to the production of amides and amino-bodies such 
as asparagine. The changes taking place in the 
various nitrogenous bodies are illustrated by the 
following analyses of Bungener and Fries : 



Barley 

Malt 


IKjr cent. 

per cent. 

Total nitrogen • 

l-()90 

1*580 

Nitrogen as albumen* 

(ClGl 

0*280 

Nitrogen as peptone 

0*040 

0*000 

Nitrogen as amides 

... * 0*20() 

o*r>;U 

Total soluble nitrogen 

0*;355 

0*042 
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Tlic germinated grain, liaving been partially dried on 
the growing floor, is transferred to the kiln where 
growtli is eftectually arrested, and where it acquires 
a pleasant biscuijty flavour. 

Freciuent use lias already been made of the word 
eaq/me, and jicrhaps it may be well to define a little 
more clearly what is meant, particularly having regard 
to the all-important part which these substances play 
in the processes of malting and brewing. The enzymes 
constitute a class of Ixidies which are of universal 
occurrencfi.in all living organisms, whether animal or 
vegetable, and which are of supreme importance to 
the life and well-being of those organisms. Briefly 
their function may be said to consist in rendering 
sobdfle and available for nutrition the various in- 
soluble I’eserve- materials on which the life of the 
organism depends. Thus, we have starch-converting 
enzymes or (lladam,% cellulose-converting enzymes or 
cytases, sugar-converting enzymes such as iirverkm 
and malfmCf j)rotein-converting enzymes or 
lysts, fat-converting enzymes or and finally the 
enzyme wliich splits up sugar into alcohol and carbon- 
dioxide gas (fermentation) or zymase. The enzymes 
are all nitrogen-containing substances of albumenoid 
character, and it is one of their most noteworthy 
characteristics that but very small quantities are 
needed for the couversion of relatively enormous 
quantities of the various substances on which they 
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exert their specific actions. Technologically, this 
poiht is one of the highest importance, although the 
precise manner in which they exert their activity is 
not understood.,, 'J'hey are solubler in water, and 
resemble certain of the proteins such as egg-albumen 
in being coagulated by heat. With this H'oagula- 
tion their chemical activity disap])ears, and this as 
we shall sec is also a matter of the highest techno- 
logical moment. The enzymes are not all equally 
sensitive to the destructive elfect of heat, but all arc 
destroyed in the presence of water at tewjperatures 
short of that of boiling water, and it may be said 
roughly that a temperature of about hO”— 
usually marks the limit of their activity. On the 
other hand they will withstand a temperature* of 
riO"" (J. or even more when completely*dry. They arc 
capable of acting at fairly low temperatures, bift 
for every enzyme there is a temperature or rather 
a limited range of temperature within which it 
is most active. 'Jlius, the diastase of malt which 
converts starch into soluble sugar and other products 
functions most actively at about oO" — 55° C. and 
the jtjnzyme invert am which converts cane-sugar into 
invert sugar is most active at about 55" C. The 
enzymc8*arcalso exceeiKngly sensitive to the presence 
of very small (piantities of many chemical sub- 
stances, and whilst the majority act most readily 
in faintly acid solutions a few (e.g. trypsin) 
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exert their specific activijties l)e8t in faintly alkalpie 
media. 

We have seen tliat during the convci'sion of 
the barley into Mialt the mor^ imp;)rbint changes 
which occur arc (</) the develoi)iiient of the enzymes 
(diastases; necessary for the subsecjiient conversion 
of the insoluble starch into soluble and partially 
fermentable products, (h) the modification of the 
cellular structures of the endosperm by means of the 
enzyme cytasc, (c) the conversion of insoluble proteins 
into simple, and soluble nitrogenous products, and 
(d) the production by kilning of a pleasant biscuity 
flavour. Instead of the hard vitreous barley, we have 
now a mealy friable material confining a large 
proj)ortion of tlie original starch (some is lost during 
malting by conversion into carbon-dioxide and water, 
as 'the result of the vital respiratory processes) and 
at the same time the enstymes necessary for effecting 
the important transformation of that staidi which 
occurs during the process of mashing, and which will 
be dealt with in a subsequent chapter. 

It has already been pointed out that it is one of 
the characteristics of the enzymes as a class that thpy 
are able to bring about an amount of chemical change 
which is enormously great in ‘relation to the* actual 
weight of the active agent concerned ; and during the 
germination process a very much larger amount of 
diastase is formed in the growing grain than is needed 
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for the brewer’s piirj)osc. One object of the kilning 
j)rocess is, therefore, to destroy, or to restrict the 
activity of a great deal of this diastase, leaving just 
as much in the ^nish(;d malt as may be necessary for 
the puri)ose for which it is to be employed. I’his 
de])ends to a great extent on the class of beer for 
wiiich the malt is to be used, a malt containing moi*e 
active diastase (and therefore kilned at comparatively 
low teiin)eratures) being re(|uired for ])ale ales than 
for mild ales or black beers. ]^iven after the severe 
restriction of diastase which occurs on the kiln, barley 
malt contains much more diastase than is necessary for 
the conversion of its own sbirch, and in conse(|Ucnce 
other starch-containing materials may be used in 
conjunction with malt should their employment for 
one reason or another be deemed desirable. Such 
materials are maize, rice, oats, and, on rare occasions, 
other cereals. The maize aud rice are usually sub- 
mitted to a pi*c})aratory ]>urifying and cooking process 
before being supplied to the brewer, and in the form 
of flaked maize and flaked rice, represent very pure 
and concentrated brewing materials, containing as 
they do from 75 per cent, to more than 88 per cent, of 
starch. The products obtained by the action of 
diastase on the starch bf these materials are the same 
as those resulting from the conversion of the starch 
of barley-malt itself, but they yidld to the worts much 
smaller proportions of soluble nitrogenous substances, 
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and it is to this iact that tjieir utility as inalt-adjuncts 
is largely duo. 

Since alcohol is one of the most sijujnificant and 
important (;onsti trouts of l>eor, jjt is (;fcar that ccrttiin 
sn^ar jn’oducts which arc capable of yielding that 
Hnl)stan(ie*()n fermentation, mij>ht be used in jdace of 
a certain ])i’oportion of the malt. It will be seen 
later that during the mashing process the starch of 
the malt is converted j)artly into the fermentable 
sugar maltose, and that this is split up during the 
process of* fermentation into alcohol and carbon di- 
oxide gas. Since other sugars such as dexti‘ose and 
laevulose undergo the same decomposition when sub- 
mitted to the action of yeast, there is clearly no 
reason why a proportion of those sugars should not 
be employed by the brewer, assuming, of course, that 
in the form in which they arc used they are [)crfectly 
wholesome and that tKey are found to yield good 
results in respect of the flavour and chai acter of the 
finished beer. ( )anc-sugar itself is not directly ferment- 
able, but is first converted by the enzyme, liirerffttie, 
contained in the yeast cell into invert sugar, which 
then undergoes decomposition into alcohol and carlion 
dioxide. Cane-sugar may ther^dbre be directly em- 
ployed as a brewing material, but inasmucri as its 
use is thought by many brewers to conduce to yeast 
weakness, it is more usual to employ the invert sugar 
made from it. On the manufacturing scale the invert 
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sugar is prci)are(i by heatiiu? a solution of cane-sugar 
with a small amount of a mineral acid until the desired 
change is complete. The acid is then neutralized, and 
the solution, afUr mo?*e or less decolAri/ation, is evapo- 
rated ill a vacuum pan to the consistency of a syrup. 
In this process the cane-sugar undergoes hydrolysis 
and is converted into a mixture of dextrose and 
laevulose in nearly equal proportions, which is known 
as invert sugar. I’he change may be represented by 
the following equation : 

-f H,o = cui,A + car,, On. 

Canf-supu' Water Dextrose LaevuloBe 
Invert Hu^ar 

As used by the brewer invert sugar is a product 
closely resembling golden-syrup in appearance and in 
flavour, but when allowed to stand for some time it 
sets to a soft solid mass owing to the crystallization 
of the dextrose, the laevulose which crystallizes only 
with great difliculty, remaining in the syrupy condition. 
The commercial syrups usually contain about 75 per 
cent, of invert sugar, the balance consisting of water, 
with small quantities of cane-sugar, and a little 
mineral matter. In Hs composition, therefore, it is 
very similar to honey. The only other sugar product 
which is at all largely used in brewing is glucose. 
This is prepared by heating the starch obtained from 
various sources (maize, sago, potato, rice) with dilute 
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mineral acid until the re(]yiiired amount of (;onversyon 
has taken ])lacc. In this process the starch is converted 
first into maltose and dextrin, and finally, if the action 
he allowed to coiitinue for a sufficient time, entirely 
into dextrose. The chemistry of this chan<;e is not, in 
point oi^ fhet, (piite so sim])le as might apj)ear from 
the abt)ve statement, small (piantitics of other and 
unfernien table carbohydrates^ being formed at the 
same time. The action is usually allowed to proceed 
until the whole of tlii^ dextrin has di8aj)peared, and 
the resultivig product therefore consists siibshintially 
of a mixture of the two sugars, dextrose and maltose. 
Of course, in the process of manufiicture, the acid 
used is neutralized and the solution decolorized as in 
the case of invert sugar. Thus prepared, glucose or 
starch'sugar fodns a white or yellowish solid mass 


1 Tli(’ t(!rm ‘ (jarboliydrato a gpnoiic term applknl to a Rioup of 
conipounds, some of wliich are very widely distributed in nature, and 
which includes such important substances as cane-suRar, milk-sugar, 
starch and cellulose. The more important members of the group 
contain either fi or a multiple of 6 carbon atoms in the molecule, and 
in all cases the hydrogen and oxygen atoms are present in the relative 
proportions in which they unite to form water. The expression 
‘ carhohydrate ’ was obviously designed to call attention to the*fact 
that the composition of these sui).stan«e^ may be represented by the 
general formula Ci(H.jO)y, and whilst* the word is cortainl^^ not free 
from objection, it has at least the sanction of long and gencnal usage, 
and is, after all, a conveiiiijnt one by which to designat(3 a group of 
important compounds closely related to one another and having 
many properties in common. 
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possessed of far less sweetness than invert sn^^ar and 
containin'^ about (55 to 7b ])er cent, of fermentable 
sugars. 

by restricting the action of n the acid in tlie 
manufacture of glucose, a ])roduct may be obtained 
containing a considerable proportion of de\trin and 
smaller quantities of dextrose and maltose, ^fhis 
product, which occurs in commerce in the form of a 
thick coloui'less syrup, is occ^asionally used in brewing, 
but finds its chief employment, in the manufacture of 
confectionery. 

In the brewing of stouts and porters, certain pro- 
portions of highly coloured malts and of caramel are 
employed. The malts are manufactui*ed either by 
kilning the germinated barley at a high temperature 
over a fire of burning wood (brown malt) or by 
roasting barley or ordinary malt in a cylinder such 
as coffee is roiusted in (black malt), dlicse materials 
communicate to the beers in which they are used not 
only a considerable amount of colour, but also a 
pleasant and characteristic empyreumatic flavour. In 
plaCe of a proportion of these coloured malts, cai-amel, 
prepared by the action of heat on glucose or cane- 
sugar, is often used. 

With the important 'exception of water, hops and 
yeast (which will be dealt with more conveniently in 
subsequent chapters) the above 'may be said to con- 
stitute the materials from which beer is brewed. 
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J1 LATTER III 

MASHING 

In a few words tlic object of tins most important 
operatiojinnay be said to be the conversion by diastase 
Of the starch of the malt or other ^>rain (wlien this is 
used) partly into fermentable sn^ar, and partly into 
other substances which are either unfermentable or 
which only underpjo fermentation with considerable 
difficulty.*. Simple as this .statement may ap])car to 
be, the chemical (Oan^es involved in the pi'ocess arc 
exceedingly complex, and notwithstanding the im- 
mense amount of labour which has been for many 
years devoted to their study, it cannot be said that 
they ai'e even it)w fully understood. Sufficient has, 
llbwever, been learned in regard to the chemistry of 
the transformation of sffircli at the instance of diastase 
to furnish us with a tolerably clear insight into the 
nature of the changes occurring during the mashing 
process, and to serve as a reliable guide to the 
brewer in the control of his operations. 

Before dealing with this part of the subject, it 
may be well to refer to the im])ortant bearing wfiic.h 
the nature of the water U80<l*has on the (|uality of 
the resulting beer. At an early date, the town of 
Burton-on-Trent became celebrated for its pale ales, 
whilst Dublin and London became almost cipially 
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renowned for the excellence of their stouts and porters, 
wliilst this was to some extent due to diflerenccs in 
the methods of brewing adopted, it was soon recognized 
that it was chie^tly owing to the different character of 
the water supplies of the respective districts ; for even 
when the sauie materials and the same ifjgthods of 
brewing were employed, it wjis found for example to 
be impossible with the London water to brew pale 
ales having the same character and general excellence 
as those brewed in Burton, a^id on the other hand, 
Burton stouts and porteis could not con. pete with 
those of London and Dublin. Now the water from 
the Burton wells is found to conbiin large (iiiantities 
of calcium sulphaf/C (about 80 grains per gallon) with 
smaller proportions of magnesium sulphate, and it is 
to the presence of these salts (particu*iarly the former) 
in such comparatively large (quantities that the special 
suitability of tlie Burton water for the production t^f 
pale ales is due. On the other hand the Dublin water 
contains little else than the carbonates of calcium 
and magnesium, and after boiling is consequently 
very soft, whilst the water from the deep wells in and 
arojind London contains sulphates, carbonates and 
chlorides of sodium, and is free from the earthy 
sulphates above referrWl to. T'utting the matter very 
briefly it may he said that hard watei’s containing 
much calcium sulphate, such as those of Burton, are 
especially suited for the brewing of pale ales and the 
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better class o(‘ bitter beers, whilst soft waters are best 
for the production of stout and porter. Mild ales 
and certain other classes of beer re(piire for their 
production water iiiterinediate in respect of hardness, 
^between the two above-mentioned (;lasses. Since the 
composition of the water necessary for the in’oduction 
in their hi^^hest excellemic of the viirious classes of 
beer is well known, it will be clear that much may be 
done to convert an unsuitable water into a suitable 
one by artificial trej>i-ment, that is to say, by the 
addition (ff those mineral inj^redients in which it is 
naturally deficient, or by the decomposition of those 
ingredients which are undesirable. Whilst the desired 
result cannot always be brought about by artificial 
treatment, it is possible in the great majority of cases 
to render certaifi water supplies much more suitable 
tlTan they would otherwise have been, by the addition 
of the necessary materials such as calcium sulphate 
(gy})sum), magnesium sulphate, calcium chloride, etc. 
Tlianks to this knowledge it is now possible to brew 
pale ales of good quality in many towns other than 
Burton, and to use natural supplies which would other- 
wise be unsuitable for the production of certain classes 
of beer now largely in demand. It should be sai«l tTiat 
all water intended for brew in^lfiirposes, whether hard 
or soft, must be of a high degree of organic purity. 

llic first a(;tual ’process within the brewery is 
tlie grinding of the malt. This is eflected by passing 
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the limit throiij^h revolving steel rolls, two pairs 
bein^ oft(‘n listed side by side, with the rolls set 
at diftereiit distances, Ihe siiudi corns bein^>: jiassed 
through the ope pair and the larger corns through 
tile other. In this Vay, something ajiproaching to* 
uniformity of grinding is obtained. The object of the 
bi'cwer is not to grind as iinely as jiossible, but to 
crush each corn thoroughly so as to permit of the 
ready ,atta(;k of the starch by the diastase when water 
is added, and yet to bring abouj, as little disintegration 
as possible of th(‘ husk of the grain which* is needed 
to assist filtration in the mash-tun. In certain modern 
processes of grinding the mealy portion of the grain 
is separated after crushing by various mechanical 
devices from the husk, and the former is then more 
finely ground, with the object of iiUTiflising the amount 
of extractive matter to be obkiined from it ; but it^is 
not within the scojic of this btiok to deal with working 
details, and in any case, the great majority of brewers 
still adopt the simpler though less perfect form of 
grinding machinery above referred to. The malt 
having been ground or crushed, the brewer is ready 
to (Kimrnence the process of mashing. In this process, 
the crushed malt has to be mixed with the requisite 
amount of water undefffm^h conditions of temperature, 
that the action of the diastase on the starch can be 
kept within certain necessary* limits. The vessel 
in which this action takes place is known as the 
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iiiaBli-tiin. As will he seen by reference to the following? 
diaj^rammatie drawing? (fij. 1) it consists essentially 
of a covered cylindi-i^'al vessel* constriictod usually of 
wood or iron, fitti;(lwith a perfoi ated false bottom (a), 
revolving rakes or stirrin<i^ nuicHinery (/y), a spai^in^; 
or washin«» ap[)liance (c), and a number of ]U|)es for 



Fig. 1, Mash-tun. 

drawing? off the resulting clear wort (fl). In some 
cases the admixture of crushed malt (grist) and water 
is made directly in the masir-tun itself, but more 
frequently a mechanical appliance known as an ex- 
ternal masher (c) is used, by means of which a more 
perfect admixture of the malt and the water can 
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be made, wliicli enables the brewer to maintain a 
more (ixact control over* the temperature of the 
mixture, which as we shall shortly see is a matter of 
the hijijhest importance. 

It will be remembered that during* the ])rocess of 
maltinjj:, the whole internal structure of the barley- 
corn is altered in siic.h a. way that the starch granules* 
with which the endosperm is packed are I'endered 
more easily amenable to the action of the enzyme 
diastase when the crushed ma[t is mixed with water 
at suitable temperatures. It is generall)^ held that 
this is due to the disintegration by enzymic activity 
of the walls of the vegetable cells in which those 
granules are formed and contained, and the ])roce8s 
is teclinically referred to as rngermi- 

nated barley contains a form of diatftase, the natural 
function of which appears to be the transference t)f 
starch from one j)art of tlR? growing organism to 
another; this was termed by llrown and Morris 
‘translocation diastase/ in contradistinction to the 
‘diastase of secretion’ which is formed during the 
germination period. The precise chemical limita- 
tions and functions of these two forms of diastase 
are still uncertain ; but it may l)e said that it is 
the ‘diastase of seCrction’ (which will be sub- 
secpiently referred to simply as diastase) formed 
during the malting process which is responsible for 
the conversion of the stiirch during mashing, and 
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that this diastase is only ca])ab]c of aetiii" under the 
ordinary eonditions of j^rinding’ and tein])erature on 
such of the starch asjis contained in cqWh which have 
^undergone the ab(ive-incutioncd ))roc(;ss of moflifim- 
fiotL From this it follows that if any portion of the 
JbarleycoiMf has esca])ed tliat change, that is to say, is 
hard and vitreous like barley, instead of being soft and 
friable like malt, it will in most cases escape con- 
version in the mash-tun and will so be lost to the 
brewer. It is usually stated as a general pi’oposition 
that gclartnization of starch by heat must precede its 
conversion into soluble products by diasUse, and 
whilst this is true of [>otato starch it docs not appear 
to |)e the case with the starch of barley and certain 
other cereals. At any rate, in a well-made barley 
malt we have all the iiotentialitics of the change 
wliich it is the object of the brewer to bring about. 
There is starch in a coiAlition to be readily acted on 
by diastase, and there is more than sufficient diastase 
to convert that starch into soluble and partly fer- 
mentable sulistances. It will now be necessary to 
consider briefly the nature of that veiy important 
change. It may be said at once that the chemical 
reactions involved in the diastasic transformation of 
starch are of a highly complcic character and are still 
the subject of investigation. It would obviously serve 
no useful purpose, even if it were ])ossible within the 
limits assigned to this manual, to attempt to deal 
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w\fli the various views whic^Ii have been lielcl by the 
many elieinists wlio have devoted themselves to this 
subjetd-, and 1 therefore jiropose *o state in tlie simplest 
lan^uaj^e possible, the view which is most widely held^ 
at the ])rcsent lime, and which certainly offers the 
most satisfnetory expimialion of the obseV^ed facts.^ 
In i*egaid to the composition of p‘annlar starch (that 
is, starch as it exists in various ])lants) we know nothing 
save that its ‘empiricar or sim])lest lormnla is ( '.illmOr,. 
By submitting this to the action of cold dilute mineral 
acid, or in other ways, k may be conveited into a 
sini])ler product which gives many of the ordinary 
reactions of gi*anular starch, from which, however, it 
differs in f)cing soluble in hot water and in not fornyiig 
a paste or jelly when its hot mjueous solutions are 
cooled down. This substance is known as soltdde 
sUiveh and is the starting-point of the change which 
we are considering. It has thfi same empirical formula 
as ordinary granular starch, and there is some ground 
for assigning to it the molecular formula (C,,IUJio)j<h). 

When soluble starch is acted on for a long time 
by diastiise at low temperatures, it is entirely con- 
verted into maltose, water entering into the reaction, 
according to the following ecpiation ; 

CioILoOjo + ILO — Gi-jHaaOii. 

When, however, the action takes place at higher 
temperatures such as those adopted in the mash-tun, 
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the starch luoleeiile breaks down in such a 
manner as to yield inalfose, dextrin and certain 
intermediate bodies ^known as ntidto-ihxfi'iHH or 
The soluble starch molecule may be 
rejiresented as 

(0,dl.o0.o),o 

((^JboO.„k 

\ ( ^ iiiH.jnl ho bi 

UCJIJKX. 

\i-\MJKX. 

At th(f moment of the* attack by diastase this 
molecule breaks down into its five eomiionent groups, 
one of which differs from the remaining four in its 
resj^taiicc to the further action of the diastase, and 
►constitutes the substance referred to in the literature 
of starch conversion as tluj ‘stable dextrin.’ The 
remaining four complexes, each having the formula 
((hJfaothob), then undergo progressive hydrolysis^ 
each CiJIioOio or aniyVnt group becoming converted 
by the assumption of water into a or maltose 

group. As each amylin grotij) takes up the elements 
of water the resulting maltose group remains a con- 
stituent of the complex until the last has bt‘^n 
liydrolyzed, when free maltose^ results. 

* By hydrolysin is meant the conversion of one substance into one 
or more other substances of simpler molecular formula usually at the 
instance of dilute acids or enzymes, such conversion beinf< preceded 
by the assumption of one or more molecules of water. 
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Thus, the chuiij[?c in the .case of each of the four 
complexes mijjfht be illustrated by the following 
scheme : 




{(CJlJhX 
|tVJU)u |(('JU>J, 

Mallo-dextriTi. Mallo-djxtrin. 

Mai lose. 


From this it follows that if the diastase were 
allowed to act at favourable temperatures for a 
sufliciently long time, the final products lof the re- 
action would be maltose and the ‘stable dextrin’ 
which is only acted upon wu'th extreme dilhculty. If, 
however, the temperature and time conditions are so 
arranged as to restrict the action (and this is the 
case in the bi’cwer’s mash-tun) then in addition to 
free maltose and the ‘stable dextrin’ a certain pit)- 
portion of the intermediate products of the reaction, 
the malto-dcxtrins, will occur. It now remains to 
consider the parts which these various substances 
play in the production of beer. Beer differs from 
many alcoholic beverages in that its flavour and 
character are (piitc as much, if not more, dependent 
on the nature of the unfermented extractive matters, 
than on tlie presence )f alcohol and other volatile 
products of fermentation. In addition to this, it is 
essential that it should be capable of undergoing a 
certain amount of fermentation while in the cask 
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,(and often in the botfly) awaiting consnniptiowi. 
This cask fennentatioii keeps ^lic beer eliarged with 
carbon-dioxide gas, without it the li(]iiid would 
^speedily be(;oine biit and undrijikabl^. It is clear 
from these considerations that the extractive matters 
^derived li-(?m tlie malt or other materials must not 
be completely fermentable, for if that were the case, 
the resulting liquid would be little more than a dilute 
solution ol alcohol, and would not possess any of the 
characteristics of bee*-. It may be mentioned in 
passing tlM this is the ahn of the distiller, who 
desires only to produce alcohol, and whose methods 
are in consequence directed chietly to that end. It 
will^be remenibei-ed that the brewer makes use of 
jualt which has been heated on the kiln to such a 
temperature as to bring about the destruction of 
much of the diastase formed during the germina- 
tion of the grain, and*in the mash-tun he again 
employs temperatures sufficiently high to restrict 
the activity of that which remains. In this way he 
ensures that the wort (that is the clear saccharine 
liquid containing the products of the conversion 
of the starch) shall contain (1) maltose, (2) malt^)- 
dextrins, and (:}) stable dextrin. Now these sub- 
stances together fulfil the conditions necess^lry for 
the production of beer, the maltose being readily 
fermentable and therefore yielding alcohol and 
carbon-dioxide gas, the malto-dcxtrins being less 

C. B. 3 
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vCndily fenncnUible, and tRe stable dextrin practi-, 
cally iinferinentable. 44ie readiness with which the 
nialto-dextrins are capable of nndergoinfij fermenta- 
tion depends to a ^^eat extent on their composition, 
those which contain the largest number of maltose 
groups in the com)>lex moleeide being hydrolyzed 
to free maltose and fermented much more easily 
than those containing a larger proportion of amylin 
groups. All, however, are cai)a.ble of being converted 
into maltose by diastase. The brewei’ s wort in the 
fermenting tun does not, ^ however, contahihiny active 
diastase, and for the present it will suffice to say that 
the great bulk of the malto-dextrins present in the 
wort are not fermented during the main fermentation 
by the ordinary yeast. Since maltose is completely 
fermentable and the stable dextriii for all practical 
purt)oses unfermentable, it follows that the (piantity 
and nature of the unfcrinented, but fermentable, 
matter remaining in the beer at the end of the 
fermentation, will depend almost entirely on the 
jH-oportion of malto-dextrins in the wort as it leaves 
the mash-tun, and on their character. This in turn 
ib dependent on the nature of the malt employed 
and on the conditions to which it is subjected in 
the mash-tun. Broadly it may be said that malt 
kilned at a high temperature and mashed at a com- 
paratively low one, will yield worts containing 
relatively high proportions of free maltose and of 
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.low-type^ inalto-(lcxtniiH*\^lnlst malt kilned at lower 
teinperatiireH and mashed at rather higher ones 
will give worts eonttilldng less maltose and a larger 
proportion of high iype malto-d^xtrins. The malto- 
dextrins, although behaving in some respects as sictual 
^eompoun(ls()f maltose and dextrin groups, yet manifest 
many of the properties of mixtures. This is true of 
their flavour, that of the high-type compounds ap- 
pi’oximating to that of dextrin itself, whilst the 
‘low-type’ malto-dextfins more nearly resemble 
maltose, fn their* degree ol^fermentability the same 
is true, for the ‘ low-type ’ compounds ai*e obviously 
more easily (;onverted into maltose, and therefore 
morp readily fci*mented than those of higher ty[)e, 
in ])ractice this is of considerable importan(;e, par- 
ticular*ly in connection with the brewing of beers of 
various (^lasses. If we take a stock pale ale as 
representing the one extreme, and a mild ale intended 
for rapid consumption as representing the other, we 


* By ‘lo\v-tyj)e’ nialto-dcxtrius in ineuiit those eoiitaiiiiriR a large 
^ number of maltose groups associated with a few ainyliu groups, and 
by ‘ high-type’ those in which the number of amylin groups is largely 
predominant. 


Thus 


j^v.,.,n2ovrio;} 


and 




((Cj2H220ii)]7 
would represent ‘ low-type ' compounds, whilst 


[j(Ci2n2(iOio)iK 


would represent one of ‘ high-type,’ 
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shull see tliat the reciiiiij-efiieiits are very (liflerent 
indeed. 'Hie tdi'iner Veer nuisi be of delicate palate, 
free from excessive sweetness, and must contain a 
siiHic.ient aincHint of residual carbohydrate matter 
to ])rovid(‘ for a refijular and constant su])i)Iy of 
carbon-dioxide ^as (cask fermentation or condition- 
ing) ovei’ a considerable ])eriod of time. The mild 
ale, on the other hand, must bi‘ sweet rather than 
dry and must be in condition for drinking within 
often a few days of its mamifactnre. For the brewing 
of the [)ale ale, then, we* re(|uire a wort containing a 
relatively large projjortion of malto-dextrins of high 
type, since tliese are devoid of sweetm'ss, and owing 
to the slowness with which under ordinary sbrage 
conditions they are converted into tbrmentabk 
maltose, they supidy the long-maintained and per- 
sistent cask fermentation wliich is a necessary feature 
of these beers. For the brewing of the mild ale, on 
the other hand, the wort must be rich in free maltose 
and in malto-dextrins of low type. Such wort will 
be readily fermentable and the beer at lacking will 
contain carbohydrate matters swoet to the palate and 
Capable of undergoing the quick cask conditioning 
which is essential in tjie case of beer intended to be 
consumed within a few. days of racking. Tn ])ractice 
it is found that these twa) sets of conditions are 
obtained by employing on the one hand a pale malt 
(i.e. a malt kilned at comparatively low temperatures) 
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and ado})tinj^ Honiewliat Jiigh mashing temperatures, 
and on the other, by iisin^ a higher-dried malt and 
mashing it at lower^-emperafures. It must not be 
thought that the range of mashing temperatures 
Vithin whieli the firewer lias t(f vvorkMs a wide one. 
So powerfully is the diastase atleeted by slight varia- 
Cions of lemperature within the limits of practieal 
working, that two or tliree degrees ai‘e often sutticient 
to affect to a marked extent the palate fulness, rate 
of (touditioning, and other properties of the resulting 
beer, WJien working on ^ the infusion system of 
mashing as adojited in this country, and excepting 
a few little-used processes, it may be taken that 
14;V F. and loa F. represent the two extremes, the 
lo\\l3r temiieratures being employed in the brewing 
of mild ales, amUhe higher for pale ales, stock bitters 
and similar beers. It will be seen then that the great 
importance of the mashing process lies in the fact 
that it is in the mash-tun that the character of the 
resulting beer is largely determined, the brewer so 
arranging his conditions in relation to the malt, as to 
produce the type of wort, and conseijuently the class 
of beei’ he desires. Various methods have been devised 
for arriving at a knowledge of the amount of actfve 
diastase existing in malt, or •rather for assigning to 
malts nund)ers, expressing in terms of an arbitrarily 
chosen scale, their relative diastasic activities. Whilst 
these methods do not bear any simple relation to the 
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conditions of lirewery practice, the results tl^ey yield 
are often of the greatest ‘value, as showing whether 
any given sample of Inalt has. been kilned in such 
a manner (that is to say wdictlier its diastase has 
been suitably restritfued) as to render it well adapted' 
for the brewing of the juirticular class f)f beer for 
which it is to be used. The changes which hav?; 
been described above and whi(^h occur when malt 
is mashed, apply ecpially to any ‘raw’ oi* unmalted 
grain wliich may be mixed in the mash-tun with the 
malt. As has already heen [pointed out, »the latter 
contains more diastase than is neci^ssary for the con- 
version of its own starch, and so a pro))ortion of 
starch derived from some other source may be used 
if desired, the conversion taking place as in the case 
of the barley-malt sbirch itself. Wiien, as is usually 
the case, some form of prepared grain such as flak(id 
or gelatinized maize or rice isased, all that is necessary 
is to mix the grain uniformly with the malt in the 
mash-tun itself, and proceed exactly as if an all-malt 
in^ish were being made. In the manufacture of these 
flaked materials the grain is first submitted to a 
cleaning process and is then broken up by machinery 
into small pieces, in which form it is known as ‘grits.’ 
In the case of maize tlr!s is preceded by tlie reiiioval 
of the germ, which contains the greater part of the 
oil, this being objectionable from the brewing point 
of view. The grits arc then subjected to the action 
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of Htcfiin wlieroby they are tlioroiij^lily softened, after 
wliich they ai*e eouverted into flakes by beinj; passed 
betM^een hf)t-rollers, and finally dried. I'he main 
result of this steainrfi<jf process is to break ii]) the 
•cell -structures of \he ^niin ai«l to "gelatinize the 
starch ami so render it amenable to the action of 
diastase !it the comparatively low tempeiatures of 
the mash-tun. Occasionally, however, ^jjrain which 
has not been subjccte<l to this ^cooking’ pro('ess is 
emj)loyed, as for exam])le, maize jijrits, broken ricte, 
oatmeal (jn oatmeal stout) and rarely barley. In 
that case the starch is not in a condition to be 
acted on by diastase under the ordinary mashing 
conditions, and it becomes necessary to submit the 
raW ^rain in (piestion to indepemlent treatment in 
a sejjarate vess^il known as a converter. In this 
vfjssel the j^rain, mixed with a small pro])orti()n of 
[lale or active malt, is^slowly heated with water to 
about IHO’’ h\ by means of steam, and is kept at that 
temperature for a little while, after which it is raised 
nearly to boiling. The object of mixing a small pro- 
portion of pale malt with the grain is in order that 
the li(|uefying diastase of the malt may convert the 
ordinary starch into the soluble form, and so previjnt 
the grain mixture from becon^i^g unduly viscous when 
cooled down to the temperature at which it has to be 
run into the mash-tun. The starch is now in a con- 
dition to undergo saccharification by the malt diastase, 
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and the tliin gruel is conscqyently run into the mash- 
tifli with the malt grist awd mashed in tlie ordinary 
manner. In this counti*y the system of mashing known 
as the infui^ion system is almost universally adopted, 
but on the cdntincRt of Kurope and in America a* 
process of decoction is very largely employed. In 
the infusion system the ground malt, with ()thcr ])re^ 
pared grain, if such is used, is meiely mixed with 
the recpiisite (piantity of water at the most suitiible 
temperature, and the action is allowed to proceed 
until conversion is complete and until wort* of the re- 
quired composition has been obtained, after which, the 
wort is run off, and the residual gniins are sparged, the 
temperature rarely, if ever, rising above KhV F. In 
the decoction method, the malt is usually mixed 
the water at a lower tem{)eratin*e tFan is customary 
in infusion mashing, and the temperature of the mash 
is raised by successive stages nearly to boiling. In 
some cases this is done by transferring a portion 
of the mash to a coj)per, and after heating it to boiling, 
returning it to the mash-tun, whilst in others a portion 
of the clear woi t is run off so as to preserve a suiiicient 
amount of active diastase, after which the contents of 
th6 mash-tun are raised to a high temperature by 
means of steam, and* when cooled sufficiently the 
active wort is run in, and the mashing allowed to 
proceed. It will be seen that an .important difference 
between these two systems lies in the fact that in the 
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decoction method the lyasli is raised neai-Iy to the 
boiling-point of water, and^o any imperfecrtly modified 
grain is gelatinized j.nd rcmfered amenable to the 
saccharifying action of the diastase. It follows that 
^vith ordinary malts, which, no fnatter how carefully 
made are <ipt to contain a little unmodified grain, 
file decoction system yields higher extracts, that is 
to say gives a rather greater proportion of soluble 
matter than the infusion. Tt is, however, very 
generally held that deiHiction mashing is not so well 
suited to*thg production pf English beers as the 
method ordinarily follow'ed, and in this thiu’e is 
some truth. The mashing, having been completed, 
the bright wort is run ofl* from the insoluble portion 
of^he grain, into the co[)per where it is boiled 
with hops. As rtie strong wort runs off, hot water is 
sparged on to the residual grains, so as to extract as 
comiiletely as possible tlie whole of the soluble matter, 
and this too runs into the copper. The brewer, knowing 
the proportions of extractive matters yielded by the 
malts and other materials he is using, is easily able 
to calculate the total (piantity of watei’ necessary to 
produce the required volume of wort at the requisite 
density. The density of the woi-t, as will be se*en 
later, determines the strength of the beer, to be 
brewed, and as taken in the fermenting tun jirior 
to fermentation, constitutes what is known as the 
‘ original gravity ’ of the resulting beei-. 
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The proeoss, to jvliieli reference has been 

nrndc, consists essentially iti washing- out of the grains 
the soluble matters which have been formed during 
mashing. (Jare has to be exercised not to employ 
water at too hi^h a t(^n])crature, since small (piantities* 
of unconverted starch left in the grainsw would be 
gelatinized and brought into solution, anti as thff 
small amount of diastase remaining might easily be 
rendered inactive, sucli stai*ch would j>ass into the 
wort and might (;ause some difliculty in connection 
with the brightness of the beer. As a l ulp sj)arging 
commences at a temperature of about 17t> F. which 
is somewhat in excess of the averjigc mash tem- 
perature re(juired, since some heat will have been 
lost during the period of standing, and this has t(f be 
made up. At the end of sj)arging the temj)erature of* 
the residual grains, or ‘goods,’ to use the term usuaKy 
employed, will be about 1(>() and the density of the 
last runnings, if the oj)erations ha ve been properly 
conducted, will not exceed 1002 oi* 1000". In the 
case of strong beers, how^ever when less sparging 
water has to be used this final gravity may be some- 
what exceeded. The spent grains left in the mash-tun 
wfien sparging is finished contain a little starch, the 
amount depending on tlic thoroughness with whicli the 
malt had undergone modification during the malting 
process, and on the suc.ccss with which the mashing 
operations have been carried out. They also contain 
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the insoliihle proteins of the malt, a little oil froni 
the malt, and a good deal* of digestible fibre. They 
have eonse(|uently a^moderately high cattle-feeding 
value and fire rcadyy purchfised for thfit ])iir])ose by 
•farmers and others. Sometime^ they ai e bought in 
their wet o^mdition, with about 7o l>ei‘ cent, ot water, 
But more often they are first dried, since in this 
condition they will keep good indefinitely, the wet 
grains rapidly becoming sour find unpleasant, par- 
ticularly in the sumyier. The following mfiy be 
taken as •I’epresenting the, average comj)osition of 
dried spent grains as obtained in the ordiiuiry infusion 


system of mashing : 

Starch l’ir> 

Digestible Fibre find (bun ... .‘iO'OO 

Fat and Oil * 

Albumenoids (Proteins) IH’lO 

Ash • 

Moisture 

Crude Fibre 

1 ()()•()() 


Such a product has a combined feeding and nifinurial 
value represented by about 102 units, comi)ared rfay 
with 104 for an average sfimjdc? of wheat. 
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C:]lAl‘’tl?R IV 

FOILING I 

The wort fi\)in t\m iiuisli-tiiii Im iiig been collect^ — 
in tlie copper is ready to be submitted to idle boiling 
process. Sometimes tlie wort passes tln’crngh a» * 
intermediate vessel known us a receiver or under- 
back from which it either Hows by gravity, or is 
pumped into the copper. The use of such a vessel 
is determined very largely' by fhe construci^oii of the 
brewery and the relative positions of the mash-tun 
and copper. Technologically, the use of such a vessel 
has no sjiecial significance and the only jioint of any 
importance is, that the wort shall not be allowed to 
remain for any length of time in iUat or below the* 
temperature at which it leaves the mash-tun, sintre 
the diastatic action would, iu tliat case, obviously be 
proceeding the whole of the time and a larger ])ro- 
portion of fermentable carbohy<b-ate matter would 
be produced than might be required. In order to 
avoid this it is customary, in cases Avhere the wort 
does Tiot flow directly into the copper, to provide 
th^ receiving vessel with a steam coil by which the 
wort ciyi be immediately^ heated to a tempei-ature at 
which the diastase becomes inactive. Thus the wort 
when it reaches the copper will .have practically the 
same carbohydrate composition as when it left the 
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inasli-tuii. The copper *nay either be an open or a 
closed vessel capable of ludding the whole or a part of 
the brewin”^. In th| former ^case the whole of the 
wort is boiled in ove operation but in the latter two 
or even tln ce boilin^^s may be n^cessaiy, the stronger 
wort beinA‘ boiled lirst and the weaker wort sub- 
sequently. The cop])er is boiled either by fire or by 
steam, and as a rule a boiling period of about two 
hours is adopted. The objects of the boiling process 
arc the following : 

{(f) The sterilization of the wort. 

{/}) The arresting of the action of the diastase, 
(c) The extraction of the flavouring and pre- 
servative constituents of the hops. 

{(f) The ^precipitation of undesirable protein 
matters. 

and {(') The concentration of the wort to the 
re([uisite point. 

It will inobably be conducive to clearness if the 
above five objects are dealt with separately, but 
befoi-e doing this it may be convenient to devote 
a little space to a description of the hop plant or at 
least to that portion of it which is used by 'the 
brewer. 

The hop belongs to the (J(f)mah(i(uwiv but it 
possesses certain affinities with the stinging nettle 
and is in consequence occasionally classed with the 
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(Jrtimceac. It is probable# that bops were grown, 
and used chiefly, perhaps, •for medicinal purposes at 
a very early period. t)ccasioii|l references to hops 
and hoj) gardens occur in docuiycnts of the ninth 
century and it* scenlh not improbable that even at‘ 
that early period they were occasionally used for the 
bittering of beer. By the thirteenth century the 
area under cultivation had ap])arently increased very 
considerably and in the fourteenth century there is 
plenty of evidence tliat hops y^ere employed for the 
bittering of beer, at any rate in (fermany and in 
Holland. It is generally supposed that hops were 
first inti’oduced into England towards the close of 
the fifteenth century, but that they were not received 
with open arms is evidenced by the fact that both 
Henry VH and Henry VIH jmdiibfted their use in 
beer. This ban a])jK;ars to have remained in force 
until the reign of Edward Y4 when the restrictions 
as to the employment of hops in brewing were 
removed and their cultivation wjis very considerably 
extended. The common hop is dioecious, — that is to 
say, the male and female flowers are produced on 
separate plants. The female flower which alone is 
U8e?l by the brewei- consists of a cup-shaped corolla 
with a .round ovary Cotitaining one seed. A con- 
siderable number of these flowers grow together in 
the form of cones which are technically known as 
strobiles. It is these strobiles which constitute the 
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hop as used hv the hreiver and vvhicli contain tlie 
various c(uistituents which fire of so much importance. 
The following illus^’ation, fig. 2, represents the 
structure of one these strobiles. 

No. 1 shows a fully grown strobile consisting of 
Ijn axis of T^trig on which are arranged bracts of two 



Fig. 2. 1 — Fully grown lio)> cono; ah. socdloss Imicl or ‘jietal’; 

b. .“oed bcaiing ‘ petal.’ 2 TIo]» axis or ‘ strig. ’ II iitid 4 — I'ieceB 
of Htrig and petals as in 1. 

different kinds. The one class of* bracts (h) contains 
the fruit or seed of the hop, whilst the other («/>) is 
seedless. The hop axis or strig is shown in No.* 2, 
whilst No. and No. 4 showHJie maimer in wjiich the 
bracts arc attached to the strig. At the bases of the 
bracts will be found a yellowish ]>owder known as 
lupulin, which, when examined microscopically, is 
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found to consist of j^nmuRs of regular shape and 
well-defined structui-e. Tfiis yellow powder, which is 
usually spoken of by fhe brewer as ‘conditioir is of 
the greatest importance since it ^contains the bulk 
of the constituents 1)n which the brewing value o^ 
the hoj) chiefly dejiends. Other things btipg e(|ual^ 
therefore, the commercial value of a sample of hops is 
roughly jiroportional to the amount of lupuliii which 
it contains. Thv percentage of lupulin in different 
ho]>s is subject to very consi(lerable variatiojis. Tn 
old hops it may be as low as 2 or d pcs eosit., whilst 
in new and rich hops it may occur to the extent of 
Hi per cent, or more. It contains the essential oil, 
resins, wax, bitters and a number of nitrogenous 
bodies including one or jierhaps more alkaloids. Of, 
these, constituents the essential oil; certain of the 
resins and the bitter principles are of special im- 
])ortance, tlic' essential oil aifti the bitter substances 
being the chief flavouring constituents, whilst certain 
of the resins are markedly bactericidal and so confer 
on the hops their well-known preservative properties. 
The essential oil occurs to the extent of about O’lf to 
O'b parts per loo parts of the hops, or rather it should 
be said that this is the amount that can be obtained 
from the hops by di^Wling them with steam, and 
recovering the oil from the a(]ueous distillate. The oil 
consists, as the author has shown, of two hydrocarbons, 
myirvue and Immukm (inactive caryophyllene) and 
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of 8(ivora.l oxygenated sulwtances whieli ai’c preseyt 
in comparatively small proJ)ortions, but on wlncli tlie 
odour of the oil is lar^dy depciufeut. These oxygenated 
constituents vary s<jine\vhat in oils of djfferent origin, 
^find it is due to this variation that a samjde of oil 
obtained frftin say Californian hops differs ap])re(;iably 
ill odour from one ]>repared from Bavarian or Kent 
growths. The hydrocarbon myreene is a very mobile 
liquid liaving a penetrating and not unpleasant odour, 
and undergoes conversjon into a non-volatile resinous 
substance# on ^exposu re to the air. As this change 
takes phu;e with great readiness and as the myreene 
constitutes aliout 10 to r)0 jier cent, of the fresh oil, 
it will easily be understood that the yield of volatile 
^)il Trom hops a few months old is very considerably 
less than from the same hops when freshly ])icked. 
4Tie humulene is a represenbitive of the class of 
substances known as se^ipiiterpenes and when pure 
possesses very little odour, nor does it undergo any 
appreciable change when exposed to the air. It is 
usually present in fresh oil to the extent of about 
40 per cent. The oil is almost insoluble in water 
(about 1 part in ‘20,000 parts), but it dissolves a little 
more I'eadily in a weak alcoholic Ii([uid such as beer. 
Blight, however, as its sohibilitj' is, it is yet ample for 
flavouring purposes, for, as with most essential oils 
its odour and flavour are most apparent when it is in 
a highly diluted (condition. 1 have pointed out that 


a H. 
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is volatile with steam aiul as might be supposed it 
is very largely lost when Cue ho[)s are boiled with the 
wort, almost the whole ]>assi]^ away into the air 
with the escaning steam. The fpigrant smell in the 
neighbourhood of a' brewery when the wort is beiiig 
boiled allbrds some evidence of this. To^ minimise 
the effect of this loss most brewers are in the habit 
of adding a proportion of the best/ ho])s to the copper 
shortly before the conclusion of the boiling period. 
It appears very ])robable, hovvevcr, that the .flavour 
(other than bitter) comuuinicated to the wort by the 
hops is due not so much to the volatile oil itself, as 
to the solution of a small (juantity of the resinous 
oxidation products of the oil, which ai’e not volatile 
witli steam, and which possess a smell and flavour; 
very similar to those of the oil ftself. In certain 
classes of beer it is customary to add a small (piantfty 
( J lb, or ij, lb.) of ho))s to the beer in the cask, and in 
this case the oil will, of course, play a more important 
part, as some of it passes into solution, and so com- 
municates to the beer its characteristic flavour and 
aroma. It may be added that unlike many essential 
oils, the oil of bops docs not possess any antiseptic 
properties. 

We now come to a "brief consideration of those 
highly important constituents, the resins and bitter 
substances, which are not only flavoui’ing agents, 
but which exercise the even more important function 
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of preservinji^ the beer fsoin tlic deteriorating efte^H 
of bacterial activity. 'fliG chemistry of these sub- 
stances is still lamentably incomplete, notwithstanding 
the large amount (j^^vork which has Ijeen devoted to 
their study. Three distinct rcf^ns have been up to 
the pi'csent isolated, known respectively as the a-, fi- 
;Tnd 7 -rcsins, the two first being j)ossessed of antiseptic 
properties, and the last being devoid of any such 
I)ower. For technical purposes it is customary to 
distinj^uish merely Ix^tween the so-called ‘soft’ and 
‘hard’ re^ins^the former bcang soluble, and the latter 
insoluble in light petroleum. It is to the soft resins 
that the [)i*eservative properties of the hopaie ascribed. 
This division is not a very scientific one, for both classes 
of Tesin umpiestionably consist of a number of sub- 
stances about which little is known. It has neverthe- 
l(5is the advantage of being convenient, and does to 
some extent at least coflnote a difference which is of 
technological importance. The soft resin is an ex- 
ceedingly unstable substance, and tends to j)ass very 
readily into the hard. This change occurs in the 
hops during ordinary storage, and it is to this, that 
the greatly reduced preservative value of old hops^is 
due. It has been found that when hops instead of 
being kept at ordinary atmo^)Tieric teinperatm-es are 
stored at temperatures between 30" F. and 40" F. the 
activity of the various cliemical changes which ]>roduce 
such marked deterioration is greatly redmted. The 
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IV^lowiiig table, due to Briawt, shows for example the 
influence of temperature *011 the ju’oportions of soft 
and hard resins in the sjime ly>ps, when stored for 
the same time : 

i 





Soft 

Hard 

Total 

IIopH an put in b<»ttle 


11 -70 ‘ 

’ .H-16 

l'1-7t) 

A. 

Hops storod seven 

months at 72-7r>'^'F. 

H-H2 

n-iH 

]i. 

Hops stOIC<l SOVCMl 

raontliK at ori-CM 'F. ... 

lb21 

.V15 

u:u; 

G. 

Hops stored sev(‘n 

months at lio 10 F, ... 

io-<;7 

4-20 

14-87 

JK 

Hops stored seven 

months at below F. 

IMU 

3' 57 

14-07 


At the present time, Awry large (piantitivs of hops 
are cold stored as soon as bought, and the brewer is 
then able to avail himself late in the season of a 
material possessing preservative properties but little 
inferior to those of the original hop. In close genetic; 
relationship with these resins sbind Certain substances 
of acid character, several of which have been obtainbd 
in a crystalline condition. *^rhesc arc the so-called 
hop-bitter acids. These substances, like the resins, 
are characterized by great instability, passing readily 
into resins, either on exposure to air or when boiled 
with water. One of these acids yields mainly valeric 
aejid on oxidation, and it is to this that the cheesy 
odour of old hoi)s is due. Bince the i)rescrvative 
properties of hops do'’ itndoubtedly reside in the so- 
called soft resins, many attempts have been made to 
regard the percentage of these resins as the basis of a 
chemical evaluation of ho[»s for brewing purimses. 
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Speaking in general terms, it is uinpiestionably trye 
that tliose hops(e.g. high clas^ Bavarian, ( /aliforiiian, etc.) 
which contain the latest projJortions of soft resin as 
deterniincd hy cx^nxetion with liglit j)etroleuin, are 
those wliich j)racti(al expericnetj has shown to have 
the strongest preservative properties in ])ractice, and 
tliei'e can be no donbt that the method is, within 
certain limits, a very nscfnl one. It cannot be denied, 
however, that it has its limitations, and much work 
will lu^ve to be done Jxdbre the preense parts played 
by the vawou« resins and bitter acids in the preserva- 
tion of beer is fully understood. 

It has already been stated that the resins occur 
almost entirely in the lupulin of which they constitute 
^rom 50 per cent, to 70 per cent, or more. Hops 
grown in differetit countries differ not only in the 
percentage of resin which they contain, but also in 
their aroma, which depends on the precise composi- 
tion of the essential oil, a fact whicli often influences 
the brewer in selecting the blend of hoj)s to be used. 
Ilo})s like very many other plants contain tannin, in 
amount varying from about 3 per cent, to 5 or 6 per 
cent. At one time considerable importance was at- 
tached to this constituent, since it was thought to T)c 
a potent factor in the coajfulation and subsequent 
removal of undesirable protein matters from the wort. 
That it is operative to a small extent in this direction 
is true, but there is no ground for supposing that any 
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definite connection exists between the richness in 
tiinnin of liops Jind their* value to the brewer. In 
addition to the above a)nstituci|jts liops contain gum- 
like bodies and a number of nitr(>genous coinjumnds 
the precise significanic of which in brewing technology 
is not yet completely understood. It had’ long been 
known that the addition of a small (piantitv of fi-esli 
hops to beer in cask was usually followed by an out- 
burst of fermentation, a fact which did not I’eccive 
an adecpiate ex])lanation untij Brown and Morris 
showed that like most pkxnts they con/.aiii' diastase, 
which, of course, converts some of the malto-dextrin 
present into readily fermentable maltose. 

With this brief account of the more important 
constituents of the hop, •it will now be possible to, 
understand the general character of tlie changes occur- 
ring during the boiling process, and it will perhaps 
conduce to clearness if we consider seriatim the five 
objects given on ])agc 45. The first, and not the 
least important is the sterilization of the wort. It will 
readily be understood that the wort when it reaches the 
copper contains enormous numbers of living organisms 
of many kinds (chiefly bacteria, yeasts, and moulds) 
derived from the surface of the malt and other 
materials used in the* fliash-tun, the mashing tem- 
peratures being as a rule too low to eflbct the 
destniction of vast numbers of such organisms. 
Although hopped-wort does not constitute a very 
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favourable medium for tiic dcvelo])ment of many of 
these, and bet‘r is still Ibss favoiii’ablc, yet those 
capable of developing would bb sulliciently numerous 
to render tlic finislyifl beer bad and undrinkable in a 
Very short time. Durin^jj the boiSin^; period, however, 
these are^all destroyed and the wort when it leaves 
tTie copper is ])erfectly sterile, that is it contains no 
living organisms of any description. The second object 
of the boiling ])rocess is to arrest the action of the 
diastai^. It has alr<^ad\ been pointed out in the 
previous iihayter that the (;iiaracter of the beer pro- 
duced is very largely dependent on the natui-e of the 
carlK)hydrate constituents of the wort when it leaves 
tlie mash-tun, and that this in turn is dej)endent on 
ilie extent to wdiich the diastase of the malt has been 
allowed to act d])on the starch. This i)art of the 
pl*occss is capable of being (dosely (controlled by the 
brewer, who is able s(f to adapt the conditions to 
the material to be used, as to })ro(luce a wort having 
just the degree of fermentability l eqiiircd. Since the 
diastase is not destroyed at the temperatures of the 
mash-tun, but i ctains much of its activity in the wort, 
it is clear that unless 8tcj)s were taken to arrest this 
activity, the conversion process taking place durfng 
mashing would continue, wil^i*the result that. unduly 
large proportions of maltose would be formed and 
the resulting product after fermentation, would be 
merely an alcoholic liquid, with little or none of the 
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reserve cjirbehydrate maiewal needful for cask fer- 
mentation, and ]>ossessin<>f none of the cliaracters of 
beer. On boilinjjj, Iio>^'evcr, tins diastatic activity is 
completely arrested, and so tlie /^;om])osition of tlie 
wort is fixed. Jn regard to the third object mentioned' 
on pa^e 45, namely, tiie extraction of the flavouring 
and preservative constituents of the hops, it will not 
be necessary to say vei’y much, in view of the descrip- 
tion of those constituents which has been ‘»iven above. 
From what has been said, it wi,ll have been gathered 
that the bitterin*^ and preservative constituents of 
the hoj) are not cleai’ly distinguishable, but that both 
sets of i)roperties arc resident in the bitter acads and 
resins. Owing to their great instability these substances 
are (piickly decom])osed in the copper, becoming 
largely converted into antiseptically* inert substances, 
and conse(piently their subjection to a ju’olonged 
period of boiling is objectionS'ible. ( )n the other hand 
the full bittering effect is not so easily obtained, and 
conse<piently the brewer is compelled to adopt a pro- 
cedure which is in the nature of a compromise, that 
is to say some of the hops are added at the com- 
mencement of boiling, the remainder (usually the 
best) being added shortly before the completion of 
the process. In this way it is probable that the best 
results are obbiined from the hops, both in respect 
of preservation and flavouring. Reference has been 
already made to the advantage of this procedure in 



reducing to some extent the loss of essential oil. Tl^c 
(piality ot* the lio])s and Ihe ])ro]>ortions used will 
naturally depend n]>oii the class of beer to be brewed. 
Thus in the bnnvjfi* of slock ])aU‘ ^les and bitter 
beers larger (piantities of hoj)s, find those of su])erior 
Ij^inds, wi^'lnive to be used, tlian in the case of mild 
beers. 11ie reasons for this are twofold. In the first 
place the former beers must have more hop flavour 
than the latter, and in the seeoiul, they are usually 
expectiid to remain s^und foi* a much longer period 
and consctiuoiitly need mor« of the ])reservativc con- 
stituents. In beers brewed for export, this is par- 
ticularly the (jase, since such beers are often exposed 
to very gi'eat strain, as for exain])le in tropical 
countries, and in their production large proportions 
of the best and strongest hops are invariably em[)loyed. 
if may not be out of place to refer here to an ini- 
portant diftercnce betv^een the great bulk of the 
beer brewed in this country, ami tlie lager beer of 
the (Joutinent and America. The latter beer, when 
brewed, is kept for a considerable time (often some 
months) in casks stored in cellars kept nearly at the 
freezing point. When this lagering piocess is cojii- 
plete the beer is transferred to the trade casks, and 
must be quickly consumed if ft is to be drunk at its 
best. In the biewing of these beers the Continental 
or American brewer uses a much smaller proi)ortion 
of hops than is usual in this country for stock beers. 
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tl^e reason })eiiii^ that whilst the English brewer has 
to rely almost entirely on the hoi)s for the keeping of 
his beer, the lager beef is preserved by being kept at 
very low temperatures. ^ ^ 

We may now eoirfider the fourth object of boiling/ 
that is the pi*ecipitJition of nndesii'abie protein 
matters. The mash-tun woi*t contains nilrogenoifs 
substances of many kinds. Together with such com- 
paratively simple substances as amino-acids and 
amides, it contains soluble^ atul non-coagulable 
products of j)rotein hvdrglysis, such as proteoses and 
peptones, and finally more complicated proteins which 
though soluble in the wort at the temperature at 
which it leaves the mash-tun, are converted into 
insoluble substances (coagulated) on boiling. It na^ 
already been pointed out that duVing the malting 
(germination) i)]*ocess the proteins of barley undergo 
considerable change, being (^)n verted by the proteo- 
lytic enzymes of the grain into simpler and more 
soluble products. The resulting malt, therefore, 
contains a much larger proi)orti()n of its nitrogen 
in the form of soluble and non-coagulable products 
than is the case with the barley from which it has 
been made, and this process of enzymic hydrolysis 
and simplification proVieeds during the mashing pro- 
cess. Many of these simpler nitrogenous substances 
are necessary for the nutrition of the yeast during 
the subsequent process of fermentation, and their 
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presence in tlie wort in sufficient (piantity is tlierefo|;|D 
of the liigliest iinpoi'tiince. The more complex proteins, 
liowcver, are so far as is known useless for the piirjiose, 
and as their presen^c/in the finished beer could only 
•liave the effect of seriously dintinishing its kee})ing 
properties '(to say nothing of its brilliancy), their 
renumd is in the highest degree desirable. For- 
tunately these proteins are rendered insoluble on 
boiling, and can, therefore, be readily removed when 
tfie bo^ed woi*t is sul^secpiently filtered in the ho])- 
back. li^st object of tfie boiling process is to 

effect the re(iuisite concentration of the wort. In 
order to wash out of the grains in the mush-tun the 
whole of the soluble saccharine matters it is necessary 
io employ somewhat considerable volumes of water, 
and some of this Ras to be removed by evaporation in 
ofder to reduce the wort to the necessary volume and 
gi’avity. A moment s c(fnsideration will show that in 
the brewing of say one hundred bari'els of beer, it is 
necessary to use much more than one hundred barrels 
of water, (juite apart from that reipiired for washing 
purposes and for cooling. In the first place the spent 
grains left in the mash-tun retain a considerable 
quantity amounting to nearly .‘JO gallons for every 
quarter of malt mashed. Th^i there is the Joss by 
evaporation in the copper and subsequently during 
cooling, the ([uantity retained by the hops in the 
hop-back, and finally there is a small loss due to the 
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t^’finsfereiice of the wort fivm one vessel to another. 
Speaking* roii<^lily, it nia>* be said that in the actual 
brewing of one hundred barrels of beer about one 
hundred and tliirty barrels of wiJu^r would be required. 
Brewers’ coj)])ers vftry a •jjood deal in construction* 
the niajoi*ity bein«^ o[)en, whilst others art closed and 
so constructed that the wort can be boiled uinltr 
sli|];ht ])ressure. The effect of the increased ]>ressure 
is, of course, to raise the boilin«i^-point of the wort 
a few dej^rees, and to bi in^; aliout the extraction of 
rather more matter fioiu the hops, tjian# would be 
the case with an open copper. It may be doubted 
whether this is ever desirable, and the general con- • 
sensus of opinion is undoubtedly in favour of boiling 
under ordinary atmospheric jiressure. Boilinjf by 
steam is largely replacing the oldfir method of fire- 
boiling, being cleaner, more convenient and metre 
economical. When the wort has been boiled for the 
requisite time (usually about two hours) it is allowed 
to flow' from the copper into a w ooden or metal vessel 
known as a hop-hacl'. This may be of any convenient 
sha])e (usually round or rectangular) and is provided 
with a false bottom consisting of a series of perforated 
metal plates. The object of this vessel is to retain the 
spent hops, and to allbw the wort to be drawn off in 
a fairly bright condition. Since the hops absorb a 
good deal of wort, it is usual either to wash this out 
by sparging with hot water, as after mashing, or to 
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obtain it by means of a ?yiitablc ])reHs, to wliicli thy 
residual spent lioj)s are tfansfened. The layer of 
hops which covei’s theJVilsc bottbm acts as an excellent 
filtering medium, key/iing ba(^k the coagulated proteins 
deferred to above, and enabling^tlie wort to pass to 
the next ^stage in a purer and brighter condition, 
h^i’om this point of view it is obviously desirable that 
the area of the hop-back should not be too large in 
relation to the volume of wort to be dealt with, so that 
a layei; of hops snllic^ently deep for good iiltration 
may be oUtaiued. It may perhaps be mentioned hero 
that the (piantity (d hops used in the brewing of beer 
■ in this country varies from about I lb. per barrel of 
beer in the case of mild ales to four oi* five times that 
4 j[uantity in the case of fine pale ales, strong stouts, 
and certain ex])(?i*t beers. When sugar nuiterials 
(invert sugar, cane-sugar, glucose, etc.) are used, it is 
customary to dissolve them in a sei)arate vessel and 
to run the solution into the co]>per, or they may be 
added directly to the wort in the (jopper itself. In 
Chapter 1 1 1 reference has been made to the fact that 
the various classes of beer recpiire for thei)* production 
water of different mineral chai acter, if the best results 
are to be obtained. 'J'aking on the one hand a so*ft 
alkaline water such as is obtahibd from the deoi) wells 
in and around London, and on the other a hard 
gypseous water such as that derived from the wells in 
Burton -on-Trent, it may be useful to refer here to 
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c^^rtain <liffcrciices whicli tliesc waters exhibit and 
whicli are of importance IProm the brewin;u^ point of 
view. Jn the first place, the s^)ftcr water will pi-ove 
rather more extractive in the Ai^sh-tiin, and also in 
the copper. From ^;he hops it has a tendency to* 
dissolve certain coarse and unpleasant ^jjtier sub- 
stances which are not dissolved to the same extent 
by the harder water, and it also produces wort and 
beer of rather hi<;her colour. VV^orts, moreover, which 
have been brewed with the, hard ^^pseou^i water 
‘ break ’ better on boilin^:!^, than those, briivved with 
a soft alkaline supply ; that is to say tlie coa^i^ulable 
proteins which are rendered insoluble during boiling, 
form larger and more coherent masses, and so^are 
removed more completely during the hop-back filtra# 
tion mentioned above. 


CHAPTER V 

(JOOLINCi 

The next stage in the (conversion of malt into 
beer is the cooling of the wort to the temperature 
at which the yeast is*atldcd and feiinentation com- 
mences. Simple as this statement may appear the 
cooling of the wort is one of the most important 
and, in some respcccts, most troublesome of all the 
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procedures which ^<> to luake uj) tlie brewing' procet^. 
The mere lowering of teiiipeniturc j)resentH, of course, 
no difficulty, but it hjis to be i*eincinbered that wort, 
even when hop])ed. ft not an unfavourable medium 
for the development of a varieh^of living organisms, 
which as tl>e result of their life activities bring about 
cTiemical changes which may render the resulting 
beer unpleasant in flavour or even (piitc undrinkable. 
As will be seen later such organisms may be either 
bactcr^i or certain species of yeast, and the chief 
aim of t}^‘. brewer at this ^tage is to cool his wort 
to the required temperature and at* the same time to 
protect it from infection by such undesirable organisms 
which are always ju'esent in the aii\ As a general 
i'ul?, the cooling j)rocess takes place in three stages. 
In the first place* there is a small reduction of tern- 
pfirature during the short time the wort is in the 
hop-back, then there is a lurther considerable lower- 
ing of temperature on the cooler, and finally the 
temperature is redialed to the recpiired point by 
being passed over one or more refrigerators. 

The cooler is a shallow rectangular vessel made 
of iron, copper, or wood, and is usually situated near 
the top of the brewery and in such a jmsition that 
air may have fi*ee and ready “access to it. As this 
vessel is almost invariably at a much higher level 
than the hop-back, the wort is i)umped from the 
latter vessel on to it and allowed to remain as a 
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r^ile until its temperature Jias been sullieiently re- 
duced to ])erinit of its beiitj^ run over the j-efrigerator. 
Since on the cooler tbe wort is only a few inches 
deep and conse(piently pi*esenti very large surface 
to the air, it 'is cle?tr that under ordinary eircuin-* 
stances immense numbers of organisms •of various 
kinds must fall into it. As a rule the room in whicli 
the cooler is situated has open louvre boards on all 
four sides, so as to alknv as much air as possible to 
pass over the cooling wort and JLo facilitate the^ escape 
of steam. As, moreover^ breweries aic; uswally built 
on or very near to main roads, it will easily be 
understood that the air which obtains access to the 
wort, particularly during dry, dusty weather, is very 
rich in all kinds of micro-organisms. Prior to tlui 
introduction of I’cfrigerators, the •wort had to be 
cooled entirely on the (H)oler, which freipiently ne- 
cessitated a sojourn of 24 dr lU} hours, particularly 
during the summer months. It will readily be under- 
stood that under such circumstances it was often 
impossible to brew beer possessed of reasonable 
soundness, and so notwithstanding their greater 
alcoholic strength as compared with the beers of 
to-day, and the larger proportions of hops used in 
their production, the}' Were freipicntly sour and un- 
drinkable, almost at racking. In tact it was found 
that beers which had to be stored for any time coidd 
only be brewed during the winter months, and even 



0()OLIN( 


(>5 


V] 

tlion thoir stiibility wjis •often very probleniaticaV 
llie introduction of refrij^eifitors inui ked an epoch in 
brewing practice, siiic^ it onabIe<l the brc'wer to cool 
the wort to th(‘ re(py#(Ml teinperatui e in a, very short 
ttnie, and with a ininiininn exposure to the air. lie- 



frigerators are ordinarily of two forms, the vertical 
and the horizontal. In both •Ifowcver, the priticiple 
is the sam^, the wort running over metal tubes 
through whicli cold water is made to flow. The cold 
water in the vertical form (fig. .‘i) is admitted to the 
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i )weKt tube at (a) and thence passes sneeessively to 
the others, and finally flows away at the toj)(/>). The 
wort passes from the trough V*) through a sei ics of 
small holes in, a thin film over llje outer surfaee, and 
when it reaches the pan (d) has been reduced to the 
temperature necessary for the addition the yeast. 
In the majority of brewei'ies at the present day, both 
a cooler and a refrigerator are employed, but some- 
times the cooler is done away with entirely or is 
replaced by a dee]) receiving, vessel, a system which 
has much to recommend it, as 1 sliall ^hove later. It 
should be said, however, that the cooling of the wort 
is not (piite the only function of the cooler. CVu’tain 
of the constituents of the wort have the i)r()i>erfy of 
absorbing oxygen from the air ^at tolerably Ingli 
temperatures, and this ‘ hot aeration ’ as it is called, 
to distinguish it from the cold aeration or absor[)tion 
of oxygen by the cold wor*l while passing over the 
refrigerator, is very generally regarded as beneficial. 
It is true that some authorities have ([uestioned its 
impoi’tance, but 1 think there is a general consensus 
of opinion that these more or less obscure oxidation 
changes are desirable and that they do exert an 
appreciable effect on the brightening cai)acity of the 
finished beer. It is fortunate, however, that these 
changes occur most actively at elevated tempera- 
tures, — about IdO" F., and it is very <loubtful whether 
much if any advantage in this direction is gained by 
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allowing tlic toinperaliire* (|f the wort on the coolef 
to fall below,— say 100 F. A tiirther luiu'tion of the 
cooler is to permit of^the deposition of the eoagiilatecl 
^)]*oteiii matters fro»i the eooliii<;^ wort» and to leave 
the bulk of these behind when the wort is run down 
OA^T the •refri”;erator. This insoluble dei>osit is 
technically known as the ‘cocder slud^j^e.’ There can 
be no doubt that if the wort on the cooler could be 
reduced to a comparatively low tem])eratnre under 
conditi(fiis lenderin*;' kicterial infection impossible, 
the shalloV \\^ssel of Iar«e* area lyis much in its 
.favour. In j)ractice, however, this is vei'y dillicult, 
and many brew(‘rs have found that they can secure 
the rfuain benelits of a cooler without its seiaous 
drawbacks by substituting for it a deeper vessel of 
nu^ch smaller area. By spraying the wort pumped 
from the hop-back into spch a vessel sufficient ‘hot 
aeration’ is secured, and if it is not possible to keej) 
the protein sludge back as completely as with a 
coolei’, the advantages on the score of diminished 
infection are so great as to render this consideration 
of little importance. Above 150’ F. the wort is 
practically sterile, and the brewer should endeavour 
by every means in his powg-, to ensure that the 
temperatiu’e of the wort when it reaches the re- 
frigerator shall not be ap])reciably lower. Assuming 
the wort to be for all practical jmrposes sterile wlien 
it reaches the refrigerator, the next consideration is 



Vow to avoid Horious i^dl^otioii while tlio wort is 
passing over that ineee (d‘ plant. It has been pointed 
ont that the wort runs over tbv* refrigerator tnbes in 
a thin film (this is (;l(‘arlv neeesssny in order to seeurc 
ra])id cooling) and it will be obvious that the surface 
exijosed to the air by a bi'ewing of say* a hundved 
barrels must be enornnms. The ade(]uate in’otection 
of the wort at this stage does not, however, present 
any very serious difficulty, since it is not a difficult 
matter to enclose the i efrigei’..tor, or refrigerators, in 
a tightly construefed room capable of beibg supplied 
with filtered air, and this is the i)r()cednrc sidopted in, 
most modern breweries, ^fhe purification of the air 
from micro-organisms is effected in many ways, 4 such 
as by ])assing it over numerous tivys containing jeby 
or b}' causing it to traverse cotton wool or ot^her 
fdters, the filtering material being usually kept moist 
in order to imu’ease its elliciency. 'J'he air so filtered 
is then injected by means of a fan into the refrigerator 
room, and in this way the steam is removed and the 
surface of the cooling wort is brought into contact 
with a constant supply of pure aii*. Whilst it is 
Meccssary to protect the cooling wort from atr-horm 
infection, it is also of the highest im])ortance that 
the refrigerator itself should be in a scrupulously 
clean condition, and the efforts of brewers’ engineers 
have during recent years been directed to so improving 
the design and construction of this important appliance 
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as to T'eiidor (doaiiinj? a ^simple operation, and the 
lodgment of dii't ])racticall^ ini])ossil)le. I nless the 
greatest care is taken dirt is wn y liable t/O accumu- 
late in the corners AvjjjT‘re the tubes enter the upright 
wipports, and as thiS Avill always 4^ontafii innumerable 
living orgaipsms, it is quite easy lor a whole brewing 
t(f be infdhted and si)oile<l by being passed over a 
refrigerator which is not proj>erly clean. It will be 
seen then that infection of the wort may occur either 
on tlie cooler (whenever the temperature falls ajH 
ju'ecialTly ^below^ 1 t(t f\) or^on the refrigerator, and 
may be cause*! either by air-borne*organisms or by 
those derived from contact with dirty surfaces. As 
showing the amount of infection which may be caused 
by refrigei-ator which has not been thoroughly 
cleaned, 1 may say that I havcj on many 0 (;casions 
fwind the wort at the toj) of the refrigerator practi- 
cally sterile, whilst samples taken at the same time 
from the j)an have contained as many as ;i, 000, 009 
organisms of various descriptions, per litre. Fortu- 
nately numbers such as these are not as terrible as 
they may at first sight appear to be, sin(;e hoj)i)ed 
wort ami beer are not very favourable media for the 
growth of bacteria in general. Thus, Zikes has shovfti 
that of 107 varieties of baciGi*ia experimentc^l with 
(including bacilli, micrococci, sarcinae, and sj)ore- 
forming bacteria of various kinds) only lo per cent, 
could develop in hopped wort, jnovided that the 
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wort was siiniiltaiieously seeded witli yeast, and that 
^iiily j)ei* (rent. vvei*e caf)able of ^nowin^- in beer at 
]()'(!. and \V7 j>er cent, in beer at 25 C. On the 
otlier hand, it must not be f(><5*gotten that bacteria 
reproduce witfii enc^'inous ra])id% under favourable 
conditions, and that the organisms which,are capable 
of bringing about disease-clianges in bber are 'of 
vei’y widespread occurrence. Zikes cx])eriments, 
wlncli dealt more particularly with water ba(rtei*ia, 
anr in accjord with some of my own observations in 
connection with air borne bacteria, for I havje observed 
that in many (jases the pr(H)ortion of bacteria capable 
of dcvelo])ing in hoj)ped wort does not exceed 5 per* 
cent, of the total number falling in. This fact points 
to an important dilference between infection elite to 
chance air-carried organisms and that caused by 
dirty suifaca^s sucli as I have referred to above. In 
the latter case the organisu»n which have survived as 
the result of a kind of natural selec^tion are all capable 
of growing in hopjied wort and many of them in beer. 
They are in fact all effective, and a given number 
thus introduced is almost certain to have a much 
greater effect on the wort and beer than a similar 
iliiimber falling in from tlie air. It must be re- 
memb/^red, moreoveivthat liacteria are not the only 
organisms Miiich the brewer has to fear, since some 
specie's of yi'ast arc ]»athogcnctic to beer, and these 
flourish without exception in both wort and beer. 
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These se-(;a]led ‘wild yeasts,’ to distin, squish them 
from the iodustrially usefiil or culture yeasts, arl? 
usually present in considerable numbers in the air 
from June to Kept^^lnber, after which date they 
Kipidly diminish. (1rowin<!^ as tl«#y do^^on the surface 
of ri])e fruits such as cherries, ])lums, strawberries, etc. 
it^\\ill be (M)vions that wort infection by these yeasts 
is more likely to be serious in the case of breweries 
situated in the country and in the neij^hbourhood of 
orchards and fruit ^^ardens, than in those in towns, 
althoii^i J/his is not Hy any means always the case. 
Since the thermal death-point of* these yeasts is 
usually about llo h\ it follows that no infection is 
to be feared on the cooler if the worts are I’un down 
at (fl’ above that temj)erature. It is while the wort is 
running over the* refrigerator that such infection is 
ipiDst likely to occur, and as has been indicated above 
this can be almost entiri^ly preventecl by taking care 
that the refrigeration is carried out in an atmosphere 
of purified air. 

From the above, it will be gathered that the 
operations of the browser are gi’eatly complicated and 
rendered much more difticult by the necessity of 
working under what may, for want of a better terili, 
be called ‘aseptic conditions# Merc cleanlijiess is 
not sufficient, and the modern brewer has to be 
almost as constantly on his guard against the intro- 
duction of iiathogcnclic organisms as has the modern 
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^iiT’jL^eon. Ill PaHteiir,^is tlie result of his ejioch- 
niakinjjf labours, wrote tht? two followiii^^ sentences: 

‘ Kvery iinliealthy 'eiian^e in the quality of beer 
coincides witli the development of inici’o-or^anisnis 
foreign to brewers’* yeast, propeVly so-called/ 

‘ The absence of change in wort and boer coincides 
with the absence of forcijj;n inh'ro-or^anisms/ 

These two short statements embodied a great truth, 
and virtually m.arked the transition from darkness to 
light, and from chaos to order. Somewhat, extended 
and modified as the result of^ more recen,t research 
they arc rccogniSvMl as the foundation stone on which 
so much of modern brewery practice is built, and’ 
without which real success, if attained at all, would 
be largely a matter of chance. It has aheady 6ee]i 
stated that in some breweries wh6re the cooler has 
lieen abolished there is not even a collecting vess'el, 
and the wort is jmmped from the ho])-back directly 
over the refrigerator. I do not think that this is 
altogether tlie best system, but it cannot be denied 
that in many cases it yields ])erfectly satisfactory 
results. A greater strain is, of course, thrown on the 
refrigerators which must have a larger cooling capacity 
than would otherwise have been necijssai‘y, that is to 
say, if' the wort is to 'Be cooled doAvn in reasonable 
time. It is customai’y in some breweries to pass 
artificially cooled water thi*ough the lower tubes of 
the refrigei’ators, and thus to increase their cooling 



fermi:ntation 


VI] 


7.‘J 


power. When (here is j'efrij^erating niachiiiery tlic 
plau is a good one. Wink# the woi’t is passing over 
the refrigerator in ;i thin layer it absorbs oxygen from 
the air, tliat is, (d* e(j!irse, as soon as tlie tein]>eratui;e 
^las fallen sufhcientA' low. This elissol\’Wl oxygen is of 
iinj)ortaneu during the next stage of the ])roeess since 
if is necessary for the ])ro])er activity of the yeast. 


(JITArTER VI 

FEUMENTATTON 

Tfie wort having been cooled to about G0‘ F. 
])asses from the refrigerator to the vessel in which 
|he ])rocess of fermentation is to be carried out. 
Here the recpiisifc amount of yeast is added and the 
^)ntents of the vessel arc thoroughly mixed. Before 
pi’octeeding farther, it ^vill be necessary to devote 
some little space to the consideration of yeast as a 
living organism, and then to discuss at somewhat 
greater length the nature of the pi'ocess of fermenta- 
tion so far as it is at j)resent known. If a little 
ordinai’y brewers’ yeast be mixed with water and 
examined by means of the microscoi)e, it will be foirtul 
to consist of a number of b(?dies, some a])pix)aching 
the spherical in their contour, others being more or 
less ovoid (fig. ^). 

Each of these is a self-contained organism, 



74 BRKWma [OH 

coiisistin]L( of a siiijLj;4e cell. On examining these cells 
n\ore closely, it will be seiMi that each is bouiuled by 
a c(41 wall which encloses the protojdasm and other 
cpll-cont(‘nts. Tn the younger t|^lls the protoplasmic 
contents are (deal* transpardit, but as the cell/ 



grows oldci\ the protoplasm becomes more granular 
iiP- character and one or more cavities known as 
‘ vacuojes ’ may be observed. These vacuoles consist 
of the cell juice, which at certain stages of develop- 
ment is disseminated throughout the protoplasm but 
later tends t(ji collect in one or more parts of the 
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cell. These cells are very iniiiiite, liaviiifi^ an avera}^ 
flianicter of only niillknetre inch) and an 

estimated volume of cubic millimetre. It 

has been calculated ^fliat an ounce of pi essed yeast 
•ivould contain no •fewer than Mi0,0(>i) million cells. 
Minute as .they are, however, each of these cells is 
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the seat of vital ]m)cesses of the gi eatest complexity, 
and may, without exaggeration be said to constiti^te 
a laboratory in which are carrj^d out chemical changes 
which the most highly trained modern chemist is 
pow^erless to imitate. If a little young yeast is 
examined microscopically, it will be scipn that many 
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of tlie cells are not siiijifle^ Imt liave smaller cells 
attached to them, ^vhilsi^ in some cases chains of 
three, four or even more may be observed 5). 

• This is the chief mode of re|%’odiiction, njimely by 
budding. The1i)ud t^curs first as rf small protuberances 
on the surface of the cell. This (|uickly increases in 
size, until it has attaiiunl rou<»hly the dimensions fif 
the parent cell, after which it becomes detached, 
leading a separate existence, and in turn reproducing 
by the same process. It often happens that before 
the ofisi)ring cell has sepaiuteif from the ])yrcnt cell, 
it has itself couMienced to bud, and so chains or 
clusters of connected cells may often be seen. Yeast 
is capable of reproducing itself in another manner 
than by budding, namely by the foiunation of inteflial 
s])ores or ascos[)()res. I1ie conditii)ns which favour 
this mode of reproduction are the em])loyment of 
young and vigoi'ous cells, a«moist surface, i)lenty of 
air and a suitable temperature (usually about 25 ’ (1). 
Under these circumstances and at the end of about 
21 hours, certain changes will be seen to be taking 
})lace in the protoplasmic contents of many of the 
cells. The protojdasm becxmies at first more granular 
afid then signs of segregation become visible, the 
contenis of the cell separating into several ill-defined 
portions, usually from two to four, but in some 
species as many as eight. A little later these segre- 
gated portions of highly granular protoplasm become 
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invested with a ineinbrwiie and it can then be se<>n 
that the oni!;in:d cell contains sometimes (me, but 
usually two or moT(4 well-deAned spores (fijj;. (i). 
During the fo^^uition and development of the 
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spores the parent-cell swells considerably, and in the 
end bursts, liberating the sixu-es, each ot which con- 
stitutes an individual yeasty cell and is capable ot 
reproducing in the ordinary way by budding. ' During 
recent years much study has been devoted to the 
precise mechanism of reproduction in the case of 
yeast. For long it has been known that every yeast 





Fig. 7. 1. Nucleolus. 2. IViipheral layer ot chromatin. 8. Chromatin 

patch on ouu side of nucleolus. -I. Nuclear vacuole, o. Central volutin 
granule in the vaepoh'. G. (diruinatin network. 7. (jranules of fatty 
substance. 8. Volutin granulo.s. 2. Glycogen vacuoles. 10. Delicate 
suspending threads for the central volutin granule. (After Wager.) 
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cell contained a niicleuh but the true nature an;l 
function of this has only cohiparatively recently been 
made clear through the work of djinssens and Leblanc 
and especially of W^Jger and l^eniston., ILe last nieiif- 
tioned authors have shown that ev ery (xdl possesses a 
‘ nucleus ’,^nd a nucleolus and they have adduced a 
good deal of evidence to prove that the former is 
identical with the main vacuole of the cell, and that the 
latter is a homogeneous body which is always found 
to be iy close contact ^lih the nucJear vacuole (fig. 7). 

During budding, divisicn of the nucleus takes 
place, accompanied by constriction nfto two approxi- 
mately ecjual [)arts, one of which i)asses into tlie bud, 
wh^st the other remains in the parent cell. During 
!\scosi)ore formation the vacuole disapi>ears and only 
the nucleolus remains. This, however, divides into 
two by a process of constriction, and ea(;h of these 
two })arts, again divides Into two so that four nuclei 
are formed, each of which becomes the nucleus of 
a spore, and consequently of a new cell. Darker has 
called attention to a process of true conjugation in 
the case of a certain species to which lie gave the 
name Zj/gomcdiaromt/m. Under certain conditions 
cells of this yeast formed buds which gradually de- 
veloped into long beak-lik/5 ^processes. When the 
‘beaks' of two adjacent cells touched one another 
union took place, tiie tips of the beaks disap])eared 
and a tubular connection was so established between 
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tiic two cells, cjicli of wliiwli then ]n*o(hice(l one or 
inorc! H]K)res. Interesting ;is these phenomena are 
to the biologist they do not^ closely com;ern the 
practical brewer, since under tht ^ordinary (conditions 
of the brewery }^ast always re[>rodiices by tlnf 
])roccss of budding. I Inlike certain other uni cellular 
organisms and the higher plants the yeast c(?ll 
contains no (chlorophyll, and is not therefore able to 
obtain its carbon by the de(,*omposition of carbon- 
dioxide. in this respect it r(^(cnd)les the fiyigi, in 
which grciat natural fainWy it is includt'd. • Owing to 
its ordinary inode’ofrejn’oduction, it is classed among 
the IpHffdiwf and lastly its ability to form 

ascospores coinplet(‘s its claim to belong to the genus 
Savcharonnjees, a grou}) which comprises all the im* 
portant organisms which produce alcoholic fermenta- 
tion. Like all fungi, the yeast organism uses ifp 
oxygen and gives oif carlxTii-dioxide, and it is for 
this reason that a su])ply of oxygen is nc(cessaiy 
if the vigour of the yeast is to be maintained dm*ing 
fermentation. This ])oint will be referred to again 
when dealing with the theories which have been 
pyt forward to explain the process of fermentation. 
A close investigation of the Saccharomycetes has 
revealdd the fact thal*the genus includes a con- 
siderable nund)er of species, many of these (littering 
widely in their fermentative and other proper- 
ties, and thaf certain of these species can be again 
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siibd i V i (led into raccH or varieties. K ven at a coinpara- 
tively early period eertaii! ^ell-marked morphological 
differences were noticed as the* result of microscopical 
examination. Thus »ome yeasts formed s])herical or 
ovoid cells, whilst /)thers were,(Jeci(kdly ellipsoidal, 
and others^a|>;jiin elonj^ated and sausage shaped. No 
great advTince, however, coidd he made in differenti- 
ating between the various species until the late 
Professor E. Jlansen in 1871) showed how it was 
possible to obtain almost any (piantity of yeast by 
starting with <f cell. For this pur])ose a very 

dilute mixtnte of yeast and styrUJzed water is first 
made, and a little of this is inoculated into a (piantity 
of melted wort gelatine, — that is to say, a moderately 
stiiong malt wort containing Sufficient gelatine to 
cause it to s()li(li% when cold. A drop of this solution 
is then examined by means of the microscope to 
ascertain whether it is >yiHiciently dilute in respect of 
yeast cells, — that is to say, whether the cells are well 
separated from one another and are so far apart that 
the colonies resulting from their develojunent could 
not possibly meet. If such is the case a drop of the 
gelatine mixture is sjiread out in a thin layer on 
a microscope cover-glass, on which it solidifies. Jt 
is then jdaced, with the gtjatine downwards, over 
a small glass cell containing a drop (^f water to 
keep the gelatine surface moist. Several yeast cells 
which are well separated from one amjther, are then 
0. B. G 



82 


BREWING 


fciH. 


picked out by iulcrosco))ical exaniiiiatioii and tlieir 
j^ositioii on the ^lass cover marked. The slide is 
then ke])t at a suitalde temj>erature, and in a few 
days the develojunent will have proceeded so far 
that the resnltin^^ j;M)lonies wilh* be visible to the, 
naked eye. When this is the case a very small piece 
of sterile platinum wire is dipped into any ‘one of tke 
cohmies and then drop])ed inlo a suitable llask 
containing sterile wort. In (he course of several 
days the woj-t Avill be found to be in a state of active 
fermentation and a sullicient <,uantity of yea^T will 
have been forme(J for the ‘pitching’ of a sfill larger 
(piantity of wort. Working in this way and j)itching 
each time into vessels of larger size, it will be seen 
that ])ractically any (piantity of yeast can be ])re})a:ed 
the whole of wdiich has (Originated from a single celK 
Pure cultures of the various Saccharomycetes haviig5 
been thus prej)ared, it was found that morphological 
characters were freipiently useless for the [lurposc of 
distinguishing between one species and another, fur 
not only did many of these resemble one another 
somewhat closely in ajijiearance, but the shape of 
any one species varied within wide limits, depending 
cl^iefly upon the conditions- under which it had been 
grown. This method of obtaining luii e cultures when 
used ill conjunction with certain other methods of 
dilferentiation, such as the behaviour of the yeasts 
towards certain selected carbohydrates, and the 
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optiimirn temperatures t<y as(!()spore and film forna^- 
tion, has enalded zymotednioln^ists to isolate and 
describe many distinct species, of some of which 
numerous varieties ^ire known. It shoidd be said at 
once, however, thaf only a f(‘\^^)f tfiese ai*e of in- 
dustrial iiu])ortanc(‘. For technical purposes the 
yCasts nniy be divided into two classes, the ‘culti- 
vated ’ and the ‘ wild ’ yeasts. The former includes 
brewers’ yeast in all its varieties, that is to say, 
the yeast whit'h has from the vtaw earliest times 
been use4l for the product i^ii of ah'oholic beveraj^es, 
and has, in a sense, been cultivifted«for the ])urposc. 
This yeast rejnvsents so fai“ as is kno^Mi one si)ecies, 
namely S(f(rharoint/ces (rnrlsjffe, although many 
m(!bs and varieties are known which ditfer consider- 
ably in certain ret]»ects, as for instance in the rajmlity 
with which they bring about the fermentative change, 
the degree of attenuat^m (i.e. fermentation) which 
they can eftect, and the flavour of the beer produced. 
Of the Sff(rJianmt>t/(rs (rr<’rtsi(fc there are two main 
types known rcs})ectively as ‘ top ’ and ‘ bottom ’ yeast. 
The former rises to the surface during fermentation, 
and is the yeast used in English bniweries, whilst the 
latter sinks to the bottom of the fermiuiting tun, and 
is used in the ju’oductioii of •Iflger beer as brenved on 
the Continent aiul elsewhere. The ‘ wild ’ yeasts are 
yeasts which occur wihl in natme, and frecpiently 
having their habitat on the surface of ripe fruits, 

() 2 
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(>f’ten find tlicir way into brewery. Some of these 
wild yeasts, (nsin^’ tlie teiin in its widest sense) are 
ea})al>le of fnlfillin^ ilsefnl functions in connection 
with cask fermentation, but oth.ers are higldy un- 
desirable. Alt'hou^ in his stully of the various* 
‘diseases’ to which b(‘er is subject Pasteur chiefiy 
concentrated his attention on the bacteiia,be did nWt 
altogether ovei look the ])ossibility that certain of the 
yeasts mi^ht be ]>athoj^enetic in chaiacter. It will 
1 k^ obvious, however, that no dtdinite iidbrmation in 
this connection could be. obtained until lbv‘wdn had 
shown how to dis'M indnate between the various s])ecies. 
It was then found that certain species of yeast were 
as much to be feai ed as many of the bacteria. 1^hns 
S(f(rlL /\fsYoyv‘<M//f.s /]>roducesa,iuiuseousbitterflav()U|‘ 
and a disaj»Teeable smell ; Sarrlt. PtMorlautfs /// and 
HmrJi. cUipi^oidrifti JI i)ersistent turbidity, >SV/rcA. 
(fHonHiltfs a ])ron()unced fru*:ty flavour, Siurh. iliris 
a disa<;reeablc bitter flavour, and Snrr/i. f<K’(idH,% 
stench. The folk>win‘j: photomicrographs will give 
some idea of the microscopical aj)])earance of a few 
of these ‘wild’ yeasts. Sarr/i. (/Ilpsoidctfs (fig. fl.) 
S(«rh. PasforlaHKs (fig. 0). Harch. auomahu^ (film) 
(tfg. 10) and Sawh. iijnadatni^ (fig. 11). The last 
mentio-’ied organism ought not pro])erly speaking to 
be included among the Saccharomycetes, since it has 
never been observed to form endogenous si)ores, but 
its appearance is very characteristic, and it often 
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finds its wav into the c^oolin^ wort. The folIowiii|^ 
may [)erha.i)s be re^anh^d as tlie more nsual ways in 
whieli infection with ^wild’ yeasts takes place: 

(I) Dii’ect aerj^il infection^ iism^lly at tlie rc- 
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fri^eratin^ stage, more rarely on the cooler oi‘ in tj^e 
fermenting tun. 

(2) Indirect aerial infectnm; that is to ?iay, by 
dust which has accumulated on prominent internal 
surfaces of the cooler, l efrigerator or fermenting-tun 
rooms, and which has become dislodged* by wind. 
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•• (li) SurfaxHi infoction, o'/ infection due to ‘nests’ 
formed in tlie soft or old ])arts of fermenting tuns or 
yeast backs. < 

‘ (1) Infectmn due to unusuayy impure pitching 
yeast, that is, the yeast used to start the tei'inentation.* 



Owing to the tendency of culture yeasts to oust the 
wild species, esj)ecially under the conditions of English 
brewing, it will not often be found that serious 
trouble ctin be traced to this cause. 

(5) Infection due to dry-hopping — tliat is the 
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iiitrodiK^tioii of wild yeaftts with the hops added U) 
the beer in cask. 

Ilow the more im)^ortant sources of such infccti(ui 
may be guai’ded ai>jfinst has alrcjuly btfcii pointed out 
in the ])revious (diaj)ter. 

Since •even different races or varieties of the 



cultivated yeast Stfcrh. cercri^tfu’, exhibit diffei’cpt 
properties, tlie inti'oduction jaf the method of pre- 
paring pure cultures from a single cell naturally 
raised the (picstion whether cerbiin selecb^l vaideties 
(or even species) might not be successfully used in 
practice. Such pure cultures were first introduced 
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l?y HaiiHcii liiiiiself iiito^ c'crtaiii Daiiisli breweries 
with excellent results^ and the method s}>rcad so 
rapidly on the (-ontinent as aknost to constitute a 
revolution in ( Vntin^^ptal brewin»^i,])ractice. For each 
brewei’y, experiments had first to be made in oi’der 


’ . W 

Fig, 11. X 750. Sacch. ajncuhititH. 


t(i find out which of a number of varieties was the 
one best suited to the qonditions obtainiiifij in that 
brewery, and to the ty[)e of beer recpiired, and then 
that yeast was cultivated in the necessary (|uantity. 
J here can be^ no doubt that, as a /general rule, the 
results have been very satisfactory, beers of greater 
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stability, of more unifoi‘Pii cliarac-ler and of better 
flavour resulting. A good many attem|)ts to introduce 
the use of selected *single-ce1l yeast into English 
breweries have, hoA^ver, met witli im|^h less succesk 
T)ne reason for this is that the^Tmditions obtaining 
in, most English brewei’ies are such as to l esult in the 
])r()duction of a detinite type of yeast, which gives 
the exact class of beer recpiircd, and winch can with- 
out any special steps be kept practically pure, that is 
free frvm bacteria an^l other yeasts within the limits 
necessar}' f<)r yuccessful w'oi'king. In the second place, 
there is a greater difterence in cTftiracter between 
the main fermentation and the secondary oi* (task 
fervientation in English high fermentation beers, than 
is the case in lag^r beers such as are brewed on the 
^^ontinent; and it has not hitherto been found i>ossible 
to obtain with a single-ttell yeast the juoper cask 
fermentation which is *so im})ortant a feature in 
J^lnglish brewing. 

Having now considered yeast from the purely 
biological standpoint, it may be convenictiit to reler 
briefly to the (jucstion of its nutrition, thaf is to say, 
to the various substances whi(;h it reciuires for its 
healthy development, and then to (consider how far 
these are natm*ally su])plied*in the brewa^rs’ wf)rt. It 
has been })ointed out above that yeast, like all oi’gan- 
isms w^hich are devoid of chlorophyll, cannot obtain 
its carbon from carbon-dioxide, and if is, therefore. 
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♦leccssai’y to supply it iu 5onie soluble and assimil- 
able form. The various carboliydrates represent 
one such form, mid it is from /dicse that the carbon 
is to some e\tent,^J)ut not by'^iny means entirel}^ 
obtained, and the necessary vital enerj^y indirectly 
derived. Of the jn’otojilasm, nitrogen Ts the ingest 
significant and important constituent, Jind dried yeast 
contains about ii jier cent, or mori^ of that element 
which is equivalent to oO per cent, oi* more of 
protein matters. For the mmiufacturc' of its pro- 
to])lasm, tlu'refore, it is essential tliat; 'suflicient 
nitrogen shouhFbe sujqilied to the yeast organism, 
and in the form in which it can be most readily 
absorbed and assimihited. ^'east is, in fact, abk> to 
satisfy its niti’ogen ?*e( pi i remen ts wli^en [iresented with 
such simple forms as ammonium salts, but its de- 
velopment is more vigonuis when the nitrogen is 
supplied to it in the forin of amino compounds, 
amides and pejitones, —that is to say when it is grown 
in solutions containing the jiroducts of the hydrolysis 
of proteins. The more complex proteins cannot ap- 
parently be utilized, since they are not diffiisiblc and 
cminot therefore penetrate the cell wall. Another 
element necessary to the life-activity and well-being 
of the 5cast organism, is jihosphorus, which is present 
in the form of nucleo-proteiiis and to some extent 
as [ihosphate. Of the inorganic elements potas- 
sium, magneshim, and to a less extent calcium are 
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iiidispcusahlc as may be jiatliered from tlie followini^ 
analysis of tlie asli of yeast : 


rrmifn coiHpostfion^o/' thr <tsh 

f 

0/ j/rdHt {Llnlurr 

Potash (K/>) witli fi liflh* soda 

■' - 

Ma}j:ii('si 4 i 


Liiiio {'hiO) 

5 17 

Oxidonflion 

O-oO 

PJiospliorio Acid 

r>o-r,n 

Sul])lnn ic Acid (SO,) 

o-oi; 

Silica . . 

i -;{4 

l\iatt^r.s undctci niuicJ 

1-92 
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Tlie need for oxygen lias alrtnidy been referred 
to.^ Now it so lia])|K‘ns tliat^all these necessary 
ilnti’itive substances arc normally present in malt 
wort, whicli constitutes in fact an almost id(‘al licpiid 
for the nourisliment of yeast. There are the carbo- 
liydrates (sugars), the f^mides (e.g. asparagin), pej)- 
tones and other diffusible and assimilable nitrogenous 
substances, phosjdiorus as jihospliate, and sutlicient 
([uantities of the salts of potassium, magnesium and 
calcium. It does, however, h}i[>])en occasionally, 
owing to the employment of malts of abnormal 
character, or to the use of largei- proportions tlian 
usual of grain or sugai' ad.fifticts, that the worts are 
deficient in the jirecise kinds of nitrogenous and 
other nutriment needtid by the yeast for its proiier 
development. In sucli cases the appearance of the 



92 


BliEWIMJ 


^eust in the temientin»^ tun is sneli as to indicate 
that it is not I'eceiving the food it m|uires, and the 
brewer usually endeavours t<) make good the de- 
fKuen(;y by adijiug to the fermeinting wort a quantity 
of so-called ‘yeast'food’ (amtaining the needfid im^ 
ti’ient materials, and s[)ecially j)rei)ared iN)r the ])ur- 
I)ose. Ih'essed yeast, that is yeiist practically free 
from extraneous water, contains as a rule about 
7^) per cent, of water, j>resent of course in the li(piid 
])rotoplasm of the c(‘Ils. The following analysitj shows 
the average composition of </r// yeast, ipid .will sulHce 
to give some idfui •of the proportions in which its 
more important ])roximate constituents ai’e jiresent: 

Arer(u/e conqnmillon of dry yrasf. 


rrotciiiH and other iiitrogenou.s sul).st}in(5e.s 51 -H 

YeiiBt guui and other carbohydrah* matter . . 2!)-5 

Kat ... ... ... « .. . I-O 

Mineral matter ... ... ... ... l]*0 

Matters undetermined, including some cellulose (J-? 


lOO’O 

Having now considered the nature of the yeast 
as^ a living organism, and having dealt with its food 
rctpiiremcnts, we may j)ass to a consideration of the 
interesting and iniporUtnt jdienomeuon which it is 
its sfiecial function to excite, and which is known 
as frrmvntation. Few chapters in science are more 
fascinating tliTin that dealing with the elucidation 
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of the inceliaiiiHin of llie iwoee.ss of alcoliolic fer- 
iiiciitatioii, a ])r()ocss \vhi(d»»was deliberately carried 
out thousands of years a^o, aiut which could scarcely 
fail to attract the a^t(?ntiou of the first man who left 
« bowl of honey ejf|)os(id for sft^iicieilt time to the 
air. To deal at length A\ith this (luestion would be 
int|)ossible* within the limits assij^ned to this book, 
ami as many of the earlier theories are now only of 
historical intei'cst, I propose to <?o no farther ba(;k 
than the later views of IJebi^. Krom the chemical 
]>oi!d ()f^view, fermc^itatiop consists essentially in 
the decom])osition by means of of a carbo- 

' hydrate such as dextro-^lucose into alcohol and 
carbon-dioxide, according to the ecpiation : 

Cdl,A = -HU1.0 + 2(T), 

alcoliol ciirlion-dioxido. 

As a matter of fact the chemical reactions involved 
are by no means so simple as the above ecpiation 
would indicate, since whilst Do per cent, of the change 
takes ])lace in accordance with that ecpiation, about 
T) per cent, of the sugar is broken up into glycerine, 
succinic acid and other products. A small pro])ortioii 
of the sugar is also utilized by the yeast for the forma- 
tion of new cells. In Ih.il) Liebig put foi*ward tlrfc 
view that a ferment (e.g. yetwf) is a nitrogenous sub- 
stance in a state of molecular instability, and that it 
was a peculiarity of such substances that they were 
able by mere conbict to communicate, this state to 
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certain coinpouiuls sncli as^fclie siigai’K, causing these 
to break down intosiinj)l«r substances such as alcohol 
and carbon-dioxide. 'This theory of contact decom- 
position as the result of inolectiljir vibration held the 
field for inoixf tlnwlio years, bht during the latter 
part of its life it was vigorously attacked. by l^istenr, 
w^ho was then engaged n])on Ills eiioch-niaking lito- 
cheinical researches. The controversy was a long 
and vigonnis one, and in the end Liebig so far 
inodill(‘d his oi’iginal views as t() admit that the 
fermentation process wy,s in *some way i'oiinected 
with the life ac^ivih of the organism^ jirodiicing it, 
but he adliered so far to his earlier view as to hold* 
tliat this life activity was not in itself the exciting 
cause, but was only necessary for the formatioft of 
some j)rotein-lik(^ substance wliiclf actually brought 
about the decomjiosition. This theory which wtTs 
put forward shortly beforc*his death in Ih/*^ iw of 
special interest in conm^ction with the view which 
is now' universally Jield as the i*esult of comparatively 
recent observations. To Pasteur belongs the credit 
of having been the first to ])rove definitely that 
fei’inentation was a physiological i>henomenon, that 
ifi to say that it was intimately connected with 
the develoi>mcnt and* general vital activity of the 
yeast cell, lie found that when a small quantity 
of yeast was introduced into a fermenUble li(piid 
saturated with air (oxygen) the oxygen was quickly 
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al)sorl)cfl and tlic yeast ninltijdied fi ccdy. Ilcfiirtlier 
found that \vlien the whole-«of tlic tree oxygen had 
been used nj>, fermentation j^roeeeded vi;:^or(msly, 
l)nt was accoinj>anied*by (u)in])arativ(‘ly little yeasjt 
^je])roduction. Front e\]K‘riinen1»i^)f tftis kind, made 
with several ‘organised ferments’ and under various 
eo|iditions,*hc Avas led to the discovery that wliilst 
certain or^janisms were only capable (d‘ living when 
snjiplied with ])lenty of free oxygen, others could 
survive the total deprivation of that element, and 
Avheu s^ deprived a.j)]>^<ire<l to function most actively 
as fermenTs?. From this he Avas l^d ty conclude that 
jbhew Avas a very intimate connection betAveen the 
[>henoincnon of fermentation and life in the absence 
of }»r. Organisms Avhich I'epuii^d free oxygen he 
cjflled ‘aerobic’ a«d those Avhich could live Avithout 
iUOinaerobic,’ Yeast Avas an organism ca])ablc of 
living under ])oth sets of.eonditions, but it Avas only 
as an anaerobe that it functioned at all actively as an 
alcoholic ferment. It may be of intei’est to ipiote 
Pasteur’s own words : 

‘Fermentation by yeast, that is to say, by the type 
of fci’inents ])ro])erIy so-called is jiresented to us, in a 
AAord, as the direct consecpiences of the processes oi^ 
nutrition, assimilation and lif^^ heu these are carried 
on Avithout the agency of free oxygen. The heat re- 
(piired in the accomjdishmeiit of that Avoi’k must have 
necessai’ily been borroAved from the decomposition 



of the fermentable matter, that is, fi*om the sac- 
*chaiine substjmee, wlii(;h* like other unstable sub- 
stances, liberates heat in undergoing decomposi- 
tion. FciMnentation by mejJiis of yeast appears, 
therefore, to b(; e^s^Mitially coniiected with the pn^ 
perty ])ossessed by this minute cellular })lant of 
performing its res])iratory functions, somehow gor 
other, with oxygen existing combined with sugar. 
Its fermentative power... varies considerably between 
two limits fixed, by the greatest and least possible 
access of free ox\gen which Hhe plant has* in the 
l)rocess of nuti^tiop. if avc sui>[)ly it*witlT sufficient 
(piantity of fVee oxygen for the necessities of its life,* 
nutrition and ros]>iratory combustions; in other words, 
if we cause it to Ihe after the manner of a m»uld, 
projierly so-called, it ceases to be a ferment.... On 
the otlun* hand, if we deju ive tlie yeast of air entirely, 
or ca\ise it to develop in a saccharine medium de- 
prived of free oxygen, it will multi[)ly just as if air 
were ju’csent, although with less activity, and under 
these circumstaiH^es its fermentative character will 
be most marked.’ In a word, the yeast cell reejuired 
oxygen for its vital activities, and if deprived of free 
w)xygcn would obtain that which it needed by break- 
ing up the fcrmentiilile sugars, and utilising the 
oxygen which was su])posed to be liberated in the 
process. This theory of ‘life without free oxygen’ 
was almost universally accepted as an explanation 
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of the process of ferniciitjjtioii for a j)erio(l of nearly^ 
HO years, although it obviomly did not siij)ply a very 
clear insi<^ht into the inechanisin of tlie clianjj^e. ft 
purported to tell us yr//// the yeast cell deeornpos<jd 
rf-he sugar, but not Jihir it did it, ^ifd had any eheinist 
been challciigcd during tluit j)eriod to state inoi'e 
precisely \^hat occurred when the sugar molecule 
was broken uj) into alcohol, carbon-dioxide, and other 
substances, he Avould ])robably have referred it to 
some special vital force resident in and indissolubly 
conne^te^l^ with the* living^ j)rotoplasm. In 1092 
Adrian J. Hn^wn, in the course*ofiun investigation 
on certain j)henomena connected with the reproduc- 
tion of yeast, obtained some results whi(th rendered 
tluf ‘life M’itliout free oxygen ’ theory (]uite untenable. 
By a])i)lying for rtie first time the haeniatimeter to 
t^ie counting of the cells, he found that when yeast 
was introduced into a fermentable liipiid such as 
wort, the cells increased to a definite number for a 
given volume, and then ceascil to multiply. The 
limit of increase was within certain limits independent 
of the food-supply in the liipiid, and also of the 
number of cells originally added, ])rovidcd that 
number did not exceed the maximum nund)cr t5 
which the cells would increase under noriiml con- 
ditions in the li(|uid in question. If on the other 
hand a number of cells exceeding the maximum were 
added, little or no multiplication occurred. Hence 
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by workiii;^ witli a miinber of cells in excess of 
the iriaxiiiiinn, iiiiiltiplicution could be avoided, and 
ferineiitation plicuouiciia could be studied under con- 
ditions which practical!}" eliininjj^ted that disturbing 
factor. Working i.i Jiis way, Rrosvn found that aerobic* 
conditions did not inhibit feianentation, but that on 
the contrary a plentiful sup]>ly of free oxygen actually 
stimulated it, and so was forced to the conclusion 
that Pasteur’s view could no longer be upheld. There 
can be no doubt that the yeast cell does recpiire free 
oxygen for its development and for the purpose 
of carrying out iU. life activities, and although its 
fermentative vigour may appear for a time to be 
iiidepeudent of thijt element, a frevsh supjily must 
be forthcoming, or the yeast will languish and'tlie. 
In 1897 a further and very great advance was made 
in our knowledge of the nature of the fermeiitatir/U 
process, for in that year E. Buchner showed that the 
licpiid (iontents of the yeast cell, when added to a 
fermentable liquid, are able to excite fermentation 
without the presence of any cells at all. lie gi’ouud 
up pressed yeast with cpiartz sand or kieselguhr so 
as to rupture as many of the cells as j)ossible, and 
hfter adding a little water and wrapping in a cloth, 
subjected the mixture to a pressure of about 500 
atmospheres (8 or 4 tons i)er sejuare inch). In this 
way he obUiined a clear, slightly opalescent liquid 
which when added to a solution of sugar very soon 
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broii^rlit about its fcrmei^tatiou, j)reciscly as if yeast 
itself had been used. At first it was objected that 
small j)artiele8 of living [)r<?toi)lasm had ])assed 
through and that }^, was in these that the ferinent»i- 
•tive activity resided. I^his, hbwever, was shown 
not to be tlie cjise, for not only could the expressed 
yeflst juice* be evaporated to dryness at a low tem- 
perature without losing its activity, but it was capable 
of bringing about fermentation in the iwesence of 
certain substances such as chloroform, and arsenites, 
which* 1^*0 i)roto])lasm })()i^ons, and arc known to 
exert a powtTrfuIly inliibitory dfc^it on the life of 
the cell. As a further proof that living protoplasm 
was not in question it was fouqd possible to filter 
tl^(? juice through a (Jhamberland filter without de- 
stroying its activity. From these and many other 
experiments, lluchner concluded that fermentation 
was the T*esult of the aclwvity of an enzyme secreted 
by the yeast cell to which he gave the name ‘ zymase.’ 
As in the case of other enzymes, the activity of zymase 
is very dependent on external conditions. Thus when 
the yeast juice is heated to a temj)ei’ature of about 
50X\ coagulation occurs and the filtered li(juid has 
no longer any appreciable action on sugar solutions. 
In the same way its activitjf*is very greatly induced 
or altogether destroyed by certain substances such as 
prussic acid. The next advance in our knowledge of 
the mechanism of fermentation is due to Harden and 

7—2 
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.his collcaj^iies. Harden foiyul that when he submitted 
yeast juice to filtration through a. (Jhainberland filter 
impregnated with gelTitine, he obtained a filtrate and 
al^o a residue^ on the filter. On exj)erimentinj^ with 
these two poi’tion^ ‘into which the yeast juice had 
been resolved, he found that neither w;vs possessed 
of any j>owcr of bringing- about fermentation. When, 
however, the two portions were mixed, their activity 
Avas restored. In this way Harden was led to recog- 
nise that the enzyme (the portion which remained on 
the filter) is powerless to, produce fermentation unless 
in contact Avith tlte portion which had ])assed through, 
the active constituent of which he designated the 
^co-enzyme.’ The solution of the co-enzyme, the 
true chemical nature of Avhich is still undctermiiV(,'fl, 
rc‘tains its activity even aft(U' bdiliug. A further 
flood of light has been throAvn on the nature of th^ 
fermentation process as tlie resnlt of Harden’s in- 
vestigations on the eifect of adding alkaline phos- 
])hates to sugar solutions in course of fermentation. 
Such addition was ahvays followed by a rapid increase 
in the evolution of carbon-dioxide, and it Avas found 
that a definite relationshi[» existed betAveen the amount 
of phosphate added and the volume of carbon-dioxide 
liberat'^d, a molecular *j7roiK)rtion of the phosphate 
always resulting in the disengagement of a molecular 
proportion of carbon-dioxide. An attempt to ascer- 
tain precisely what happened to the added phosphate 
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in tlicsc cx])criraents resullKjd in the discovery of a nc\^ 
coinpoiind consisting* of a hexose' sn^ar residue and 
])liosp]ioric acid, ap]); 4 *cntly liavin^ the composition 
CUlioOj (IlJ^ 04 )j a»ul desiji^natc^l he.rysc phosphah'. 
Wlien the phos])hate is added to a fermentable so- 
liiUon ill tUft presence of zymase and the eo-enzymc, 
it is supposed that one molecule of sun’ar (dextrose) 
breaks down into alcohol and carbon-dioxide, whilst 
a second molecule reacts with the phosphate to form 
the li^xose ])hosphat#, the tw'o reactions ])roceedinj; 
in accor(ftfnce*with the following conibined equation : 

= ), + 2C,IJ,.( ) 4- 211,0 -t- i\J\J h (Na,P04),. 

^•In practice it is well known that worts containing 
only a limited aitiount of ])hosphate, but relatively 
fery large proportions of fermentable sugar, are 
capable of undergoing «om[)Iete fermentation, and 
it is clear that according to the above view^, this 
could not hajipen unless the j)lios])hate were in some 
way or other regenerated. Harden considers that 
the yeast cell contains an enzyme to which he has 
given the name ‘ hexosephosjihatase,’ the function of 
which is to effect the hydrolysis of the hexosepho^- 
phatc in the following inaiftRjr : 

C,Hn .()4 (Nam), + 2H,() = )« + 2Na,lIP0,. 

^ A lu’xosc is a sugar coutainiiig six carbon atoms in its molecule, 
such as dextrose. 
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Siiinniarisiiig tlie abova statements the folloAvinj? 
may be regarded as the most recent view of the 
fermentation change/ , 

Tlie enzynie zymase and its eo-enzyme together 
act on tlie sugar' (hexose) in the presence of the' 
j)hosphatc, in such a way that one lialf of the sugar 
1s decomposed into alcoliol and (iarbon-dioxide, whilst 
the other half unites Avith the phosphate to form the 
hexose})hos[)hate above referred to. The phosjihatc- 
is tliiis rendered temporarily in/)pcrative, but ^s lilie- 
rated by the action of theenzyme ‘hexos^ephoKphatase/ 
which reprodueds the sugar and phosphate, and so 
the cycle of change is ready to be repeated. This 
theory at least explains all the facts at ])resent 
ascertained, but there can be little doubt that very 
much work remains to be done before we can feel 
satisfied that we knoAV exactly what haiipcns when a 
molecule of sugar is dccontposed at the instance of 
the yeast cell. As in all cases where living organisms 
are concerned, the process is one of very considerable 
complexity, and compared with the apparent ease 
and rapidity with which the Avonderful changes, 
gummed up in the term ‘fermentation,’ are accom- 
plished by the yeast organisms, the triumphs of the 
modern organic chemisVpale into insignificance. In 
the words of I’rofessor Meldola : 

‘ When we can transform sugar into alcohol in the 
laboratory at' ordinary temperatures by the action of 
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a ayiithesised nitrogenous, orj^aiiic compound: when, 
we can convert glucose intfi citric acid in the same 
way that Citromyces ^*an eflect this tiansformation 
...then may the cbemist ju'oclaim w^th confiden^e 
Miat there is no longer any mysteVin vital cheTuistry.’ 

Atteutiyin has already been called to the I'act that 
alcohol and carbon-dioxide, all hough by far the most 
im]K)rtaut, are not the only products of alcoholic 
fermentation, and it has been stuted that glycerine, 
succiiyc acid and various higher alcohols are formed 
at the sj»iie ti|ne. Recent iuwestigations have thrown 
a great deal of light on the forfiaJflon of these by- 
products, and it has been found that some of them at 
lei^i arc not formed from the, sugar at all. Thus 
Eihrlich has shown that the higher alcohols (so-called 
fusel oil) result from the action of yeast on the amino- 
acids, some of which are always ]>rescnt in malt-wort, 
— leucine (a-amino-iso-dliproic acid), for example, 
yielding arnylic alcohol. In this reaction ammonia 
(which is assimilated by the yeast) and carbon-dioxide 
are liberated and an alcohol is formed containing 
one atom of carboji less than the original amino-acid. 
This reaction is probably of cotisiderable importance 
from the point of view of the nutrition of the yeast, 
as it appears to indicate Ifie means by wlficli the 
yeast sui)plics itself with nitrogen in a readily assimil- 
able form. The succinic achl which is a constant 
product of fermentation to the extent df* about ()'5 per 
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a])i)ears to bo derived from the dicarboxylic 
amino-acid, glutamic acid. 

It lias already been stated l^hat some of tlie ‘ wild* 
yeasts produce bitter jirodiicts, rviid certain s])ecies 
(e.g. Satrh. give rise to the production of 

pleasant smelling ethereal substances s^;ch as are 
present in some fruit juices. It will, therefore, be 
understood that these bv-i)roducts are of more than 
scientific interest, since the flavour of a fermented 
beverage is not unfrecpiently doviinatcd by thepi, and 
its commercial value cither greatly, incv(i?ased or 
greatly reduced deedrding to tlieir nature. In addi- ^ 
tion to zymase and the hexosephosphatase, the yeast 
cell contains a numbei’ of other enzymes, each, of 
which has its specific function and all of which are of 
considerable im])ortance in connection with the nutri- 
tion and life-activities of the organism. Incidentally 
some of these are, as will be seen, of considerable 
technical importance. So far as is known the hexoscs 
alone (and of these only four, viz. d-gliicose, d-mannose, 
d-galactosc and d-fructose) are dii cctly fermentable 
by yeast, and before the fermentation of other sugars 
can take place it is therefore necessary that they 
s^iould be converted into one or other of these hexoses. 
This is bi all cases etfected by enzymes. Thus cane- 
sugar is not directly fermentable but has in the first 
instance to be converted by the enzyme invertase 
into a mixture of d-glucose (dextrose) and d-fructose 
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(laeviilose) in accordance# witli the following eeiiue# 
tion;. 

(J.JIJ).. + lfJ3 - (UOk + CJI.ih. 

((;ane-s»ijj;ai) ^ (d^vtiosc) (Itu'vulosr) 

Maltose has the* same cm])iAe%l fonnnla as canc- 
siigaj* and w, prior to fermentation, converted by the 
ciJ^yme maltase into two molecules of dextrose: 

(Ui..<hi + iy;)-2C,ii,,o,. 

(inaltos(') (dextroso) 

M^lk-sngar (lactose) again, is not directly ferment- 
able bii^has ^rst to be resolved by the enzyme lactase 
into two other hexose sugars, de.ttftse and galactose: 

+H,() - CVJb/)., + CJU\. 

(lactose) (dextros^) {{Galactose) 

u this conneejj^ion a point of considerable interest 
may just be mentioned in passing, namely that the 
enzymes exhibit a remarkable discrimination between 
certain carbohydrates wTiich otherwise resemble one 
another very closely indeed. Whilst d-glucose, 
d-mannose, d-fructose, and d-galactosc are feianent- 
able, the optical isomerides of these carbohydrates, — 
that is to say, forms whicli differ t)nly in i‘esj)ect of 
their action on polarised light,— are unfermentabl]p. 
In order that a given sugar pother than the four above 
mentioned) may be fcrmenteTl by yeast, it is essential 
that the yeast in (|uestion should contain the enzyme 
necessary for its conversion into one or other of the 
above hexoses. Now yeasts of different* species do not 
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ajl contain the same cnzymci^ and it therefore happens 
that a certain yeast may* be capable of fermenting 
one carbohydrate and incapable pf fermenting another. 
Of* the enzyiiKjs, invertase ajjpeavs to be the most 
widely distributed among the Saccharomycetes, and 
consc(iuentIy the great majority of yeasts aye capable 
of bringing about the fermentation oi' cane-sugar. 
On the other hand lactase occurs in only a com- 
paratively small number of species and conscjpiently 
a great many yeasts, including {he ordinary cylture 
yeasts {Sacchf ro7Ht/<rs (xrcvixlac) are^incsjpable of 
fermenting milk-sMgjIr. The following table may be of 
interest as showing at a glance the behavit)ur of certain 
of the yeast speciesk towards several of the myre 
commonly occurring sugars. The sign + indicates 
that the yeast in (]uestion is capabfe, and the sign 0 

that it is incapable of bringing about fermentation: 

« 

T)e\- Laevu- Man- Galiw- Cane- Milk- 

Yeast trose lose nose lose Maltose sugar sugar 

Sacch. corevisiae -i- -1- -I -I -f ■!- 0 

Sacch. ooreviaiao H- -1 I + + f 0 

Carlsboig 

Sacch. Paatorianus + -r -t + -f- + 0 

Sacch. ellipaoiclous + + 1 - + -f- + 0 

Slcch. Marvianus -t- + + + 0 -f 0 

Sacch. exii'uua 1 l••0 + 0 + 0 

Sacch. Lndwif^ii -f -f + 0 0 + 0 

Sacch. anorualus -f -f 0 0 -f 0 

Sacch. fragilis - 1 - - 1 - -f + 0 -f -f 


Kefir 


+ + + 


0 -h -f- 


0 
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It may be mcntioiie(Uthat tlie secretion of aii}* 
particular enzyme is, so far*aa ia known, a very con- 
stant atti*ibute of a jifiven 8j)ecica, and that it haa not 
been found possibly by vai*ying the nature of the fobd 
•supply or the j^eneral environinenf of a ^iven a])eciea 
of yeast to^ cause it to secrete other enzymes than 
tlmae normally ]>reaent. This selective behaviour of 
the various species of yeaat towai*ds the different 
cai’bohydrates conatitntes, in fact, a very valuable 
method of differenjiation and identification. In 
additions, to these aucro-ckistic, i.e. su^ar-splitting 
cnzymea,the yeast cell contains ode oT more proteolytic 
enzymes, — that is enzymes capable of acting upon 
protein mattera and of converting them by hydrolytic 
changes into simpler substances. Since the enzymes 
themselves are, clieinically speaking, closely allied to 
*the proteins, it might be thought that a proteolytic 
enzyme would attack th5 other enz} ines and so bring 
about theii* destruction. As a matter of fact, such is 
the case, and under certain conditions zymase is 
attacked by the ])roteolytic enzyme of the yeast cell 
with the conseciuent destruction of its activity. There 
is a good deal of evidence, however, that in the livii^ 
cell there exists a substance, whose special function 
it is to protect the enzymes’ IVom this action? There 
can be very little doubt that the fermentative and 
other changes above referred to take place unthbi 
the yeast cell, and that the alcohol and tarbon-dioxide 
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living been formed in that \¥on(leiful little laboratory, 
then (liffnse through the cell membrane into the 
surrounding Ihiuid. 

'Having giv 4 *n a necessaiily bwef outline of the 
moie important phtmomena of fermentation both in 
their biological and chemical as])ects, wft, may now 
return to a consideration of the process from the 
more purely technological side. It will be remembered 
that to the cooled wort collected in the fermenting 
vessch the necessary amount of, yeast is adde(], and 
fermentation allowed to jwoceed (page ^8). *€'lie fer- 
menting tun in its siinplest form consists of a s(piarc 
or round vessel, usually constructed of some suitable 
wood, but often lined wdth copper, or occasional lyjit 
the present time, with aluminiunu This vessel W 
fitted with a coil through which cold watei* may be 
circulated for the ])urpose of conti*olling the tein-" 
perature of the fermenting w*ort, and an arrangement 
known technically as a ‘ pai-achute,’ which is ca])able 
of adjustment in a vertical direction, and which serves 
for the removal of the yeast formed during the process 
and its ti'ansference to (he ^yeast-backs’ or store 
vessels below. In fig. 12 (o) is the attemperatiiig 
coil, {/)) the parachute, from the i)i])e (c) of which the 
yeast di*i)ps into a vesseVon the floor beiieath, and 
(d) a movable skimming arrangement for collecting 
and guiding the yeast into the opening of the para- 
chute. * 




Fi<'. 12. Fonuentiuf' Tun. 

I'tickin^ vessel for purposes of convenience. In tire 
latter, little or no ferincntairon occurs and Hie beer 
is rarely allowed to reiiiaiii in it for more than 24 hours. 
One advantaj^e of this vessel is that it enables the 
brewer when necessary, to add siijjjjf!’ solution, or 
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i priming’ as it is called, jn bulk instead of to the 
individual wisks. In other systems of fermentation 
as practised in this cckintry, the first ])art of the fer- 
iifcntation onlv is allowed to tiH<e place in the original 
fermenting tun, att^r which thd jiartially fei’inented* 
wort, is run into other vessels for tlie cumpletion of 
the process, tliese vessels being eitimr rectangiflar 
wooden vessels known as ‘ dropping sipiares,’ or con- 
nected casks of special construction known as ‘ unions.’ 
1’he latter system is tyjncal of the working ado])ted in 
the breweries of Rurtoivon-Trent, and tlie 
question are mHurlly known as ‘ Burton Unions.’ 
Other systems are in vogue, some of which are peculiar 
to certain parts of ^lie country, but whatever may be 
the precise nature of the plant employed, the essei^ial 
process is substantially the same, a^ld consists in the 
conversion of the fermentable sugars of the wort intt) 
alcohol and carbon -diox ide«in the maiinei* described 
above. The amount of yeast used by the brewer for 
the purpose of bringing about fermentation varies 
somewhat according to the strength of the wort and 
other circumstances, but may be given rougidy as 
from one to three pounds of hxirly solid yeast per 
tiarrel of *M) gallons. After the addition of the yeast, 
fermciftation commenc6f? almost immediately, and at 
the end of a few hours the liquid in the tun will be 
found to be covered with a frotliy or creamy layer. 
This rapidly Miicreases in volume and a little later 
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forms a fairly thick covering of vei*v irregular surface, 
which is known as the ‘rocky head/ This in turn 
undergoes a change in appearance, becoming more 
compact in character and pi'escnting a more even 
, surface. At this sti'ige the progress of fermentation 
is rendered, evident by the fact that the carbon-dioxide 
rii'ang to the surface of the licpiid, i)asses through this 
yeasty layer forming large bladdery bubbles which 
(piickly burst and are immediately replaced by others, 
^fo any one watching the contents of such a tun the 
whole of the yeasty ‘ head ’ pr covering will be found 
to be in a continual state of moti^m, owing to the 
escape of the carbon-dioxide gas. At this stage the 
newly formed yeast is skimmed (^ff for the first time, 
or 'the partially fermented wort is transferred to the 
dropping wpiare w union in which the fermentation 
4s allowed to complete itself. During the progress of 
the fermentation the tcLi])erature of the fermenting 
wort rises owing to the vital activities of the yeast, 
and has for several reasons to be held in cheek. 
From GO'’ E. at which it is customary to add the yeast, 
the temperature rises to about /O'^F. or 7r)' F., an 
increase beyond these temperatui'es being ])re vented 
by the passage of cold water through the a ttemperating 
coils above mentioned. It itfiiot within the s^ope of 
this book to describe in detail the processes of 
fermentation as ])ractiscd in the brewery, and it may 
therefore be Jissumcd that the fermeMtation of the 
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wort is completed and the licpiid (now^ no longer wort 
but beei*) is ready to be transferred to the trade casks 
or to be otherwise dealt with. 

f^roni all lb at has been sai<l above, it will be clear 
that the essential feature of the fermentation process* 
is tlie conversion of maltose into alcohol iiiid carbon- 
dioxide through tlie agency of the yeasV organiwm. 
As stated on page 10;“) the maltose has first to undergo 
conversion by the en/yme maltase into dextrose, and 
it is in reality this sugar whi(;li is broken up and 
furnishes the alcohol ajul carbon-dioxide. As fer- 
mentation pi-occcds* the sugar is of course replaced 
by alcohol, and the carbon-dioxide simultaneously' 
ju’oduced is liberateijl into the air, so that the specific 
gravity of the fermenting wort decreases continuoftsly 
until the process is comjdete. S'his reduction of 
density is teclmicnilly known as the ‘attenuation ’ and 
as has been pointed out (ju^ge :17) is, within certain 
limits, capable of being controlled by the brewer 
dui'ing the mashing process. During fermentation 
the whole of the free maltose disa])i)ears, and it is 
also probable that some of the lower type malto- 
dextrins (page 3;")) are degraded to maltose and 
fermented by the ordinary so-called primary yeast 
(Sacchriromi/cm eerevit^Me). At racking, therefore, 
the beer will contain the following substances : 
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1. Alcohol 

2. (Jarboij-dioxido 

3. A littlft t'lycerino 

4. Traces of hij^dier alcohols, si>?cinic acid, etc. 


Products formed as 
the result of the fer- 
mentation jirocesH. 


' ti. 

7. 

8 . 
0 . 


Malto-dexti ins of vawous kinds ^ ^ 

The so-called stable dexliiii 1 

Proteins and, pther nitrof^cnous substances | 
•- not ntilfsed by tlie yeast ^ 

A little mineral mallei 
Bitters and other substances deri\ed from 
the hops / 


Unfcrmented constit- 
uents of the original 
hopped wort. 


Tl!c gbove docs not preto^nd to be a complete list, 
for beer contaiTis many siibstanceis if. minute ]>ropor- 
tions, but it is intended merely to show at a lu^lance 
the more important constituents^ and how these are 
rojghly to be divided between the pi'oducts of fer- 
mentation, and tHose present in the original wort. 
Analyses of a few representative types of beer will be 
found in the Appendix, pt^ge ll2(). 

At the moment of racking, the in imary fermenta- 
tion has spent itself, that is to say, the wliole of the 
readily fermentable carbohydrate matter has been 
decomposed and re])laced by its etpiivalent of alcohol. 
A reference to the above table will show, however, 
that it still contains a certain amount of carbohydi atc'' 
matter, which, as luis been p?>inted out on page 33, is 
necessary for the cask or ‘ setiondary ’ fermentation. 
Without this, the beer would raj>idly become flat and 
undrinkable, and the brewer endeavojns by every 

C. 11. 8 
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means at his disposal, to ensure that the prof)ortioii 
and the character of Vhese residual carbohydrate 
matters (malto-dexti'ins) sliall be pro])erly suited to 
the class of beer he is brewing, that is to say, sliall 
be such that the‘bher comes i.qudly into condition 
on the one hand, or undergoes a slow and [)rotra(;ted 
cask-fermentation, on the other. Whilst the higher 
tyi)e malto-dextrins are not a])preciably attacked by 
ordinary yeast (Nocc//. cc/rr/.svV/c) they are reduced to 
free maltose by the hydiolytic action of certain of 
the ^secondary’ yeasts (e.g. Saech. Fmtoriatihs) and 
it is these yeasts vdiich are largely "responsible for 
the true secondary fermentation of stock beers. 
These yeasts are almost invariably present in vei’y 
small proportions in the ordinary pitching y^pst 
(i.e. the yeast added to the fermenting tun to start 
the fermentation) and are often conveyed to the woit 
from the air during the p’-ocess of cooling. In any 
case they are rarely if ever absent from the beer at 
racking, although during the main fermentation they 
have been kept severely in check owing to the 
greater activity and enormous numerical preponder- 
ance of cells of the culture yeast. At the end of the 
'^primary fermentation, however, the latter begin to 
find the environment i;nsuittible, and the secondary 
yeasts, which are better able to attack the malto- 
dextrins, come into play and rapidly increase in 
numbers. In the case of mild ales and certain other 
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beers which undergo practically no storage, but are. 
drunk within a tew days of* being i-ackcd into cask, 
these secondary yeasts are noT needed, for the fer- 
mentation which t^kes place in the eu^ije during those 
few days is virtnall^" a continnatfon of the primary 
fermcntatimi, and not a true ‘conditioning’ in the 
strfet sense of the term. It is for this reason that 
‘pure yeast,’ that is, yeast of a single s[)ecies, has in 
such cases been found to give good results in English 
breweries, whilst by* stock ales it has invariably 
provdb ^yisuitable. Owing.to the presence of the 
alcohol, the carbon-dioxide and th^ hop-resin, all of 
which arc bactericidal in varying degrees, beer is not 
at all a favourable medium for. the growth of the 
great majority of bacteria. There are, however, some 
which arc capable of thriving in it, and these may 
fery easily give rise to disastrous results. Thus 
certain bacteria, promincftt among which is the Bact. 
aceti, promote the oxidation of some of the alcohol 
to acetic acid, and so cause the beer to become sour. 
In vinegar making, this orgjinism is intentionally used 
for the purpose of converting the alcoholic wash into 
acetic acid, and, indeed, vinegar could be made fron^ 
beer in this manner. Certain other bacteria produce 
traces of butyric and other sU-ong-smelling fatty acids, 
the presence of which, of course, renders the beer thus 
attacked quite undrinkable. Other bacteria, again, 
produce the condition known as ‘ ropiiiess,’ in which 

8—2 
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the beer has an oily appear,ance when poured from a 
vessel, or, in extreme crises, may be almost jelly-like 
in consistency. In practice it is im])ossible to brew 
beer under such conditions as cMindi/ to prevent the 
introduction of bacteria, and all that the brewer can 
do is, by l)aying the most unremitting attention to 
the cleanliness of his vessels and ])lant, and by 
excluding all but filtered air from the wort during 
certain portions of the process, to reduce the infection 
to a practically safe minimum.^, Given a sufficiency 
of the pi'cservative cons,titucnts of the hpp<, and a 
constant development of carbon-dioxide (condition- 
inj^), beers brewed under such conditions will keep 
sound for many months, and in the case of strong 
beers, where the larger percentage of alcohol helps, 
foi* years. 


CHAPTER VII 

niSTIlIBUTlON, INCLUDING BOTTLING 

Speakino broadly beer is supifiied by the brewer 
either in cask (draught beer) or in bottle. At the 
present- time tlie staple beer of this country is the 
so-called mild ale, which is intended for rapid con- 
sumption. This beer is supplied to the wholesale 
trade in cask and is usually consumed within a few 
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(lays of leaving tlie br^Avcry. Whilst most well. 
breweR beer will become spontaneously Iniglit if 
ke])t for a suHicicntl,>^ long time under ])roper con- 
ditions, this becr«is re(|nired t^) be brilliant within 
a very short time of* racking into cask. To efteetthis 
it is customary to add Minings.’ Finings consist of a 
viscous ‘solution’ of isinglass in dilute acid, usually 
sulf)hurous or tartaric or both. The isinglass, which 
is not really dissolved by the acad, but is only in a 
state bordering on solution, immediately coagulates, 
when tJip finings are added to the beer, ai^d in the 
])rocess entraps as it were, all the? sifl?pended particles, 
carrying them either to the top or to the bottom and 
retaining them in the coagulum /ormed. One of the 
iiMKst striking changes which has taken place in the 
brewing industry during recent years is the enormous 
tlevelopment of the bottle trade, largely at the ex- 
pense of small casks. ^Iriginally all bottled beer 
was conditioned in bottle, that is to say, it was 
allowed to mature for a certain time in cask and 
was then transferred to bottles, which were stored 
for a sufficiently long time to enable the ‘ secondary ’ 
or in this case ‘bottle’ fermentation to take plac^. 
Slow fermentation taking^jdace under these con- 
ditions, that is to say, in the virtual abstjnee of 
oxygen and under pressure, resulted in the produc- 
tion of a type of beer which could not be produced 
in any other way, and which was, and ■still is, highly 
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a])preciate(l by tlie coiinpiHHeiir. The system is re- 
jjjardcd })y exi)erts as in many res|K‘ets the best, and 
it is still Jidopted in the case qI* the finest jade ales, 
ex[)()rt beers and ot|<er b(‘ers ol the highest (piality. 
Foi- i\ long time the bottle fermentation was thought 
to be due entirely to secomlary yeasts, su’ch as those 
which are chiefly responsible for the cask condition- 
ing of draught beers, but during reccTit years it has 
been shown (first by ( 'laussen) that (aulain organisms 
belonging to the grou]> of ToruBve are in reality the 
aclive agents. The 'fondae are closely allio(^ to the 
ti'ue Saccharomycetes, from whieJi they differ chiefly 
in their inability to form ascospores. As comjiared 
with the yeasts (from which they are often indis- 
tinguishable ill their microscopical appearance) thci;e 
organisms (fig. i:0 have usually fermentative pro- 
perties of a low order, and many of them are incajiable 
of’ fermenting the ordinary sugars, to say nothing of 
the com[)aratively stable I'esidual carbohydrates of 
beer. Some, however, have this power, and it is 
highly probable that the characteristic flavoui’ of 
certain bottled beers is to some extent the result 
(^>f their activity. At the same time there is abundant 
evidence that the ordinar^y secondary yeasts are also 
operative. 

One objection to this system will be obvious, 
namely that since the conditioning of the beer is 
due to fermentation occurring within tho bottle, 
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there must be a corresponding formation of yeast,, 
that is to say, of sediment. About :i9 years ago the 
practice of ‘ carbouation ’ tis applied to bottled beer 
made its appearai^'c, and was s^on fo^uid to meef a 



Fig. 13. X 750. Torula. 


widely spread demand. In this process tlic beer was 
bottled in a bright conditfon and Avas then charged 
artificially with carbon-dioxide, as in the preparation 
of the ordinary mineral waters. From the brewer’s 
point of view it had the advantage ofi enabling him 
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•to do a much (| nicker tnidy, and to iiici’case his turn- 
over, whilst the consumer was ojlad to get a bottle of 
beer wliich was always chargc^d with gas, and which 
being practicihlly frpc from sediment, involved no 
waste. This process which is s'^till widely adopted, 
and which has certain well-defined mc'pts, is not 
technologically a very ])erfect one, for not oidy is 
it impossible to prevent cttectually the occurrence of 
fermentation and consccpicntly of sediment if the 
beer is not (|uickly consumed, bvt there is frou^ time 
to time, a certain amomit of difficulty diK^ to the 
separation of cei^Laiii protein matters of slight solu- 
bility. This is often a source of very considerable 
difficulty to the brewer, in draught as well as in 
bottled beers, (-ertain of the ])rotyins, which cannot 
be assimilated by the yeast, and which consequently 
pass through into the finished beer are freijiiently 
just on the borderland of ‘■true solution, and so a 
very slight alteration in the character of the solvent 
such as the formation of a little more alcohol, or the 
presence of a little more gas, causes them to come 
partly out of solution. In this state they cause the 
l^cer to present a hazy api)earance, which is very 
difficult to deal with and which renders it for all 
practical purposes, unsaleable. Even the most perfect 
filtration could not entirely eliminate these defects 
from the simiffe carbonatioii process, and so brewers 
were quite prepared to welcome the ‘ chilling ' system. 
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'llic principle uiidcrlyin^^ tjiis ia a very ainiplc one. 
The solubility of the more cojiiplex protein matters 
dissolved in the beei. diminishes with i*ediiction of 
temf)eratnre, and* if the beer js^co(iJed sufliciently, 
tliey will come more or less completely out of solution. 
Tf^then tin;* beer is submitted to filtniiion at this low 
tcm])erature, these matters will be removed, and the 
beer will subsecpiently remain brilliant for a consider- 
able time, even when exposed to tlie most adverse 
coiuytions. In sou¥) cases the beer is cooled slowly 
in bulk* in refji<j;eratinj]j (chambers, whilst in, others it 
► is cooled raf)idly in cylinders, but^n both cases it is 
forced at a temperature but little above that of the 
fipezinji: point o1‘ water through«special filters before 
imssing to the battling maidiine. When the beer is 
^cooled slowdy in bulk there is a very perfect se])a- 
ration not only of the ju’otein matters, but also of 
suspended yeast cells, ailTl such beer will keep brilliant 
in bottle for a considerable time, provided that a 
thoroughly efficient filter is employed. Beer wdiich 
has been (pdMfi chilled is often less satisfactory in 
this respect. Unfortunately the lowering of tem- 
perature has the effect of bringing out of solutiop, 
not only the undesirable jgrotcins but also the hop 
resin, and beers which have been submitted to this 
process frecpiently ])Ossess too little hoj) flavour, a 
defect which has not up to the present been entirely 
remedied. 

8—5 
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• Many modifications of, t>.cse systems exist, but as 
the ])rinciplcs nnderlyjing tliein are practically the 
same, it will not serve any useful purpose to refer 
to them in detail. certain ampient of beer is sold 
in quart bottles or flagons, but as this is virtually 
draught beer, sold in bottles instead of in smpll 
casks, to suit the consumer’s convenience, it is not 
necessary to refer to it further. It will be seen then 
that bottled beers may be roughly divided into three 
classes (n) beers matured in cask and allowcyl to 
condition, in the bottles, \h) beers filt(,Ted add arti- 
ficially gassed in bottle, and (c) beers chilled, filtc!*ed 
at a low temperature and bottled with or without the 
use of extraneous gns. That the beers of the fii)st 
class arc by IVir the best is generally j?dmitted, and feV 
beer drinkers would be found to deny the statement, 
that in the other classes of bottled beer brilliancy 
is usually secured at the ej^’pense of character and 
flavour, although, of coui’se, there are great dif- 
ferences in these respects in the products of different 
firms. 

In concluding this Chapter, attention may be called 
t 9 the utilization of two very important waste i)roducts 
of the brewery, namely carbon-dioxide gas and yeast. 
Taking the fundamental fermentation equation 

C«H,A==2C,HaO-i-2C(), 

it will be seen” that 180 parts by weight of dextrose 
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yield no less than htt pfirt^^ l>y weight of cfirbon-' 
dioxide, or for every ton of siyijar fermented nearly 
half a ton of the ^i^as as liberated. In many of Uic 
larger breweries this^as is collec4ejJ frcmi the ferment- 
ing tuns, purified b}^ passing it tliroiigh scrubbers 
an(| towcrs/containing cerbiin pni’ifying agents, and 
then condensed, cooled and liquefied, llie liquid 
carbon-dioxide is then transferred to stout cylinders, 
from which it is used by the brewer himself, or in 
whiclj it is sold to oyiei* brewers or to mineral water 
manufafifetirers, for the gassing of their products. 
►Yeast is another by-product *of the brewei’y to 
the utilization of which a very large amount of at- 
tcT^tion has been devoted during aecent years. Fnder 
'oiTlinary circumsl^nccs a reproduction equivalent to 
gibouffive times the weight of the yeast used for 
pitching occurs, that is to say, for every one pound 
of fairly solid yeast ad(fed to the tun at the com- 
mencement of fermentation about six ])ounds of 
equally solid yeast will be recovered. Assuming 
30 million barrels of beer to be breAved annually 
in the United Kingdom, and assuming further that 
five pounds of yeast will be obtained from eac^ 
barrel fermented, it will ^^e seen that the whole 
annual output of ycjist for the United hTingdom 
alone would amount to no less than 07,000 tons. Of 
this, which is undoubtedly a very low estimate, a 
proportion is of course needed by the bi-ewer for 



124 


BREWJNU 


[VH. VU 


starting fonnciiiatioMH, bjit* the j^rcat bulk is not so 
re<|ui]*ed, and is available lor other purj)oses. 

Of the various uses whiclv have been suggested 
for the pi'oduci-, bv %r the most ii^ter estiug and suc- 
cessful is its conversion into a foo<l-product. It will 
be i‘einend)ered that the }east ccdl consist;s largely of 
proto]>lasin, the chemical basis of all living cells, and 
it is clear that it should possess nutritive i)roperties 
of a high order. By a j>atented process certain 
changes are effected in the ju’otvin constituents, and 
as the rcsidt a j)roduct in obtained which iv^embles 
extract of meat* so* closely that it is almost im-- 
possilde to distinguish between them eithei’ by taste 
or smell. In chemvjal composition, moi*eover, tl^y 
are very similar indeed, the oidy djffereiRte so far fis 
is known, being that meat extracts contain the‘ bases 
creatine and creatinine, whereas yeast extracts do 
not. As a feeding-stulf for Vtattle, dried yeast is also 
being somewhat largely used. 
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Talilt? showiiiff th( 

' nundn'r of bulk 

barrels of beer produced 

duriiijr the year endin 

g 34>th Seidember 

1911, and the quantities of 

malt, fnaiue and rice, sugar and liojis used during the same period : 

• 


• % 

Bulk barrels of beer . . 

35,919,178 

Malt 


51,070,357 bushels 

Kicc and Maize preparations . 

1,330,08() cwls. 

Sugars of various kinds 

3,011,201 ewts. 

Hops j 

1 

04,310,108 lbs. 

Table showing the 

number of bulk barrels (that is, barrels con- 

taining 3(1 gallons) of beer protj^ieed in the United Kingdom during 

the years 1902-1910 

inclusive, and the 

1 average specific (original) 

gravity for those years 



Year ended 


Average 

Slst March 

Bulk Barrels 

8I)eeihc gravity 

1902 

3(;,887,2(>0 

1053-47'’ 

1903 

37,153,978 

] 053-42^’ 

1904 

3(i,329,8l3 

1053-43'' 

1905 

35,415,523 

1053 -24" 

190() 

35,0()6,db*4 

1053- 33* 

1907 

35,100,797 

1053-31'' 

1908 

35,359,024 

1053-44'^ 

1909 

34,370,352 

1053-20"^ 

1910 

34,299,911 

•1053-20° 
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Tablo sliowing tlie average comj^sition of various kinds of beer: 

O ^ 




Tt. 

W 



;s 

a 


i| 

‘S 







£ 



X>jO* 



u; 

Pb 

< 




London Mild Ale 

5*15 

()*88 

0*12 

0-‘28 

• 3*65 

i*10 

Durton Pale Ale 

4*.T2 

0*50 

0*234 

0*31 

5-58 

121C 

English Strong Ale 

7*59 

0*91 

0*162 

__ 

8*75 

19*00 

English Liglit 

3*9r) 

0*32 

0*09 

0*27 

3*98 

8*80 

Bottled Ale 




Dublin Stout 

7*02 

0*75 

0*2f 

0*39 

5*04 ^ 

12*28 

London Pojter 

5*52 

0*«7 

0*13 

0*^7 

0*33 

4*‘#f 

9*54 

American Ale 

(f*02* 

0*57 

0*094 

5 *‘25 

11*50, 

Export Pilsener 

5*70 

0 12 

0*19 

0-20 

4*20 

9*20 

Export Munich 

0*15 

0*56 

0*11 

0*186 

4*00 

8*90 

The following analysis shows in greater detail, the comiiositioiof 


a sample of Ilurton I’ale Ale of medium gravi^’ : 


Total Extractive Matters 
Combiued Maltose 
Combined Dextrin 
Uncombined Dextrin 
Fixed Acidity (as lactic acid) 
Total Acidity (as acetic acid) 
Proteins 
Ash ... 

Absolute Alcohol (by weight) 
Proof Spirit ... 

I’hosphoric Acid 


5*20 % 
D2H % 
0-8H 'V„ 
2-()9 % 
0-04 o/„ 
O'lO % 
0-48 'Vo 
0-81 "/„ 
5*17 o/o 

11*28 •’/o 

0*05 «/o 
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190-1. 

‘A Manual of Brewing.’ K. (1 r.\nt Hooper. 1891. 

‘The Brewing Industry.’ Julian L. Baker. 1905. 

‘A Manual of Alcoholic Fermentation.’ C. (1 . Matthews. 1902. 
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‘ liuhoniiory Text liook for lirewe^j^^.’ LAWiiENew Biuant. 1808. 
The IIoj> jm<l its (^mstitnents ’ Edited by A. (.'iiaston 
('HM’MW. 1005. 

• 11 041s.’ li (Ikoss. IO(»0. 

‘ Miero oig-iuiisios iflid F^nieiitalioii.’ ALi^itfa* .Ioroejvsen. (Tnins- 
lated by S II. Davies ) 101 1. 

‘ Fenneiitatioii Or^a,iiisins.’ A. Klookeh. nVanshffted by (1. E. 

Allan and d. II. Millmi.) IOO.T * • 

‘Teelmieal IMyeoloixy.’ Franz Ii\KAR. nVansIatcal by C. T. (I 
SXI.TER.) 1010. 

‘The Soluble F<‘niieuts and Feriiieidatioii.’ ,). Reynolds (Ireen. 
1001. • 

‘ Fiizyines ajid tboir Ai>|)lieatioi*s ’ ,1. Effront. (Tray^atld by 
S. r. I’REseoTr) •Tof. 1. 1001. * 

‘ Feriiu'uts ami Iheir Aetioiis.’ (A Orpemiejmer. (Traiislaied 
by ('. A Mitchell. ' i 1001. 

‘ Etudes sur la Riere.’ M. b. F\steur. 1870. 

‘All Atlas of the Saeebaromyei'tes ‘ A. (’it^ston (hiAPMAN aitll 
F. (1. S. Barer, looo. 

The above li.st is not intemUal to be in any way exhaustive. 
It includes, as will be seen, only Imk^.s dealing? with the liistory of 
beer and other fi'nuented beveraj'es, and sueh stamlard works as 
niiifht be found useful to anyone desirous of obtaining fuller in- 
formation in re^^’anl to the .scientific principles underlyinjif the 
brewing and malting procc.s.se.s. With one e.xcejition, moreover, 
it includes only books which have been either ])ublishe(l in, or 
tniiLslakal into, the English language. 



INDEX 


Alc’, origin of tlio word, 2 

Ani} loins, 81 

Bacteria, infection witli, Oil, 115 

Burlcv^orri, cliangcs prodi '.od in 
durmg •jjalting, 12-14, 17 

Bcei, coinpositioA of vuiious 
kinds of, 120; oiigin of the 
word, 2; ropinoss of, 115; 
souring of, 115; aubstuiices 
%)ntained in, 112 
•Bfl»rs, bottled, 110, 122; carbon- 
ated, J 10, chilled Hud filtered, 
121 ;*variouH classes, G 

Caue-Bugai', 111 

Caramel, 22 

Carbohydrate, meaning of the 
term, 21 

Carbon -dioxide, utilization of, 122 

Coppers, wort, 00 

Cytase, 12 

Diastase, 8, 12, 15, 28 

Enzymes, 12, 15 ; of yeast, 104, 
107 

Fermentation, 19, 72, 92, 108; 
by-products of, 103; chemical 
nature of, 93, 112 ; Liebig’s 


and Pasteur’s views on, 93; 
present views as to the nature of, 
97 ; ‘ pi unary ’ and ‘ secondary’, 
113 ; systems of, 109 ; without 
yeast cells, 98 
Feimen(ing-tun, 108, 109 
Fillings, ’17 

Galachise, 105 
Glucose, 20 
Giain , s})ent, 42 

Ilexose, 101 
Hexose phosphate, 101 
Ilexosephosphatasi', 101 
Ik))) back, 00 

Hops, bitter acids, 52; early use 
of, in brewing, 40 ; essential 
oil of, 48; pieservative pro- 
))(Tties of, 51, 50; quantities 
used in brewing. 01 ; resins, 
50; storage, of, 51; structure 
of, 40 ; tannin, 53 
Hydrolysis, 31 

Invertase, 15, 19 
Invert sugar, 20 

Lactase, 105 
Lactose, 105 
Lager beer, 57 
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Lupulin, 47 

Maize, flaked, 18, .‘JH 
Malt, 9 

Malt, black, 22; brown, z2; 
{♦rinding of, 2(5 • modification, 
28 . * 
Malting, changcR occurring dur- 
ing, 10-15 
Maltase, 105 

"'♦'iitose, ao, 52, :V6 

Malto-dextriiiB, 81, 85 
Mashing, 28 ; decoction system 
of, 40 ; infusion system of, 10 
Mash-tun, 27 

Original gi;/ivity, 5, 11 

Poptase, 14 
Porter, origin of, 5 
Proteolysis, 14 

Refrigerators, 05 
Rice, flaked, 18, 88 

Haccharomyces, anoraalus, 84, 
87 ; apiculatuR, 84, 88 ; cere- 
visiae, 88 ; ellipsoideus 11, 84, 
85 ; foetidus, 84 ; ilicis, 84 ; 
Pastorianus, 114; Pastorianus 
I, 84, 86 ; Pastorianus III, 
84 

Sparging, 42 


Starch, conversion of, by diastase, 
81 ; soluble, 80, 81 

Torulae, 118 

• 

Water, treatment of, for brewing, 
25 • 

Wort, aiM ation of, 66, 78 ; cooler, 
68; cooling of •tlie, 62 ; modes 
of infection wit,h wild ytftsts; 
85 ; oltjects of boiling the, 45 ; 
protection of, from infection 
with undesirable organisms, 
(58 ; jiroteins of, 58 

Wort Receiver, 44 

Yeast ash, cjj/inposit^Jn of, 91; 
cell, dosciiption of, 74; en- 
zymes of, 104, 107 ; from 
single cell, 81 ; nucleus of, 79 ; 
nutrition of, 89 ; proximate 
composition of, 92 ; ](?bre 
cultureg used in brewing, ^7 ; 
rcpioductiou of by aecospore 
formation, 76; reproduction 
of by budding, 76; ‘top’ and 
‘ bottom,’ 88 ; utilization of 
waste, 128 

Yeasts, cultivated, 88 ; wild, 71, 
83 ; secondary, 114 

Zymase, 92 ; coenzyme of, 100 

Zygosaccharomyces, 79 
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